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H m  sublact Mttar of thla tboola doalo with tho ajrBtlMtlc 
opproochoo to • fluorlnatod analoguo of « potaac, biologically actlw« 
coapouad, aaaaly thxoabozaaa A2* 1» coaaldariag tba ayathaala of auch
a coapouad, a raaaarchar la coafcoatad with a waalth of dlwarao chaalcal 
lltarauira. Ihla aaccapaaaaa tba biological algnlflcaaea of tba 
tbroabooaaaa and pcoataglaadlaa and tba ayatbatlc aatbodology caqulrad 
for both tba pcoparatloa of tba pacoat coapounda and for tba latroductloa 
of fluorlaa.
1 2With roapoct to tba tbrcaboxanaa and proataglandiaa * thla 
dlvaralty iacludaa tbalr laolatloot cbaractarlaatloa and tba aubaoquaat 
alucldatloa of tbalr bloayatboala and pbyalologlcal rola. 0*ar aad 
aboTO thla ara tba laauaarabla ayatbaaaa of tba naturally-oocurriag 
ccapounda tbanaalwaa, togotbar with a ayrlad of atructural aaaloguaa. 
Aaaoclatad with tbaaa aaaloguaa ara tba arrltlag cbaagaa In biological 
profile that often roault.
Overlaying tbaae conaldaratlona la tba laportaat facat of fluorlna 
ebaniatry whoaa Utaratura cootalna a rapidly expanding auaber of 
ayatbetlc netboda for tbe Introduction of fluorlna into organic
aolaculea 3,4 Ihla la co^lanentad by tbe eztenalve range aad
quantity of biological aolaculea In whlcb fluorine baa been Incorporated 
along wltb tbe profound ebangaa In activity tbat oceura.^^
In Introducing tba work aabodlad la tbla tbaala only aalaetlwe axeaa 
of tba above tópica ara reviewed.
Iba flrat of tbeaa outUnea tbe dlacovery aad elucidation of tba 
aracbldonlc acid caacade froa a blatorlcal perapactlva. Ihe potential
for ttaxoaboxaa* Aj anta(oalata In carliovMeul«r ttaorapy la also 
brlofljr dlocusaod.
Ilio aocoad daaooatrataa vhy tha ualquo piqroleal proportloa of 
fluorlna bava aada It invaluabla In blonadlclnal xaaaarch. T U a  la 
Uluatratod by ualag aalactad axanplaa froa a dlvaraa raas* of conpounda 
to hlgbllgbt aach particular proparty.
Finally, tha ayntbatlc approaehaa to a aarlaa of throabozana Aj 
atructural analoguaa ara ravloaad aapbaalalng tba particular problaaa 
CMnactad with tbalr preparation. Ihla aactlon la concludad by brlafly 
dlacuaalnt «by fluorine aubatltutlon nay provlda a nethod of atablUalag 
the throabozana nolacula and tharaby ylald an analogua with an 
Intaraatlnt biological profila.
1.1 Ag«chldoolc «eld c*jc«l«
SoM of tho pbjolologlcol roaponsoa cauaod by prootaslandlno wtro 
first obssrvad and zacordad In tha 1930's. lto> raaaarch groups 
Indapandantly notad tba saootk nuscla stlaulatlng activity of huaaa 
aanlnal fluid. Furthomoroa a hypotanalva or vaaodapraaaor activity «as 
alao notad la aztracts froa both aanlnal fluid and froa tha vaalcular 
glaada of shaap. von Eular shouad that thla activity naa dua to Upld 
aolubla addle coapounda and he called thaaa aubataacaa proataglandlna, 
believing that thay originated froa the prosOit« gland.
Tha first pure, crystalline and biologically active proataglandlna, 
FGg^ (1) and (2) were Isolatad In 1937.^^ Tha atructural
Identity of these «as first daduead using gas liquid chroaatogzaphy/aass 
spaetzoaetzy studies on the oddatlve degradation producta. latar X-ray 
cryatallography on tha trla p-broaobensoate derivative of (2)
conflmed the structure and provided the atereochealcal features of tha 
aolecule.
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Shortly aftervarda, FCKj O) and FCX^ (4) «ere Isolatad froa tha 
saae tlasua aztracts. Tha pattam of unaaturatloo In thaaa coapounda 
suggested that tha pros tag landlna aay be netaboUtes of tha 
polyunsaturated C-2U carboxylic aclda.

sine« th* dtacoTary of tho first tso structursl typos of 
ptostsglsndliis sod fCF^^asay sors boss boon isolstsd sad 
suBBsrlssd la Flgura 1.
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Similar blosyathatlc studios ravaslad that tbs ozygaa atoas at C-9
■ad C-11 In tha prostaglandin akalatoo vara darlvad froa tha ■■■■
18 19■olacula of oxygon. ’ Proa this It «as concludad that an 
andoparoxlda would ba a llkaly Intaxaadlata bataaan tha fatty aelda and 
tha prostaglandlna. Tha saaa azporiaanta also ravaalad that tha oxygon 
atoa at C-15 was darlvad froa aolacular oxygon. Ihla tharofora <«pHaH 
tha praaanca of a IS-paroxy Intaxaadlata, although It waa ahoan that 
l>-paroxy fatty adds «ax« not thaaaalTas bloaynthaalaad to 
pxoataglandlna. Ibis xasult Indlcataa that Incoxpoxatloo of oxygon at 
C-IS occuxa aftax oxygon Incorporation at C-9 and C-U.
Thesa Ideas vara conflmed sawan yaara latax by tha laolatloa of tha
unatabla andopaxoxlda Intamadlataa P6H2 (8) and FGG2 (9) la 1973 20
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lataxastlngly, thaaa 'Intaxnadlataa* wara abo«n to hava potaat 
biological actlTltlaa In thalx o«n right. Thaaa «ara a anooth nuacla 
atlaulatlng activity graatax than FG82 «»d a significant aggxagatory 
activity on blood platalats.^’^ ^
It has alnca boon aatabllahad that axachldoolc acid (3) la 
nataboUaed by tha anxyna PGH aynthataaa. This anxyna has two dlffsxant 
■ctlvltlaa; tha first being fatty a d d  cydooxyganaaa (PACO) activity,
which catalyaaa tha addition of two nolaculaa of oxygen to produce PGC2 
23 24(9) ’ Schana 1. The second la a hydroperoxide activity which
raducas PCC2 (9) to PCH2 (9).
,COOH
P0 H 2(8)
Sckeme 1
POH tynthetaw activity
In 1969 tbn relnaan of a noval and potant coapound froa gulaaa pig 
lunga paxfuaad wltli an antlgan waa obaacvad by Pipar and Vana.^^ Thla 
aubatanca aaa dUtlnct froa PGbj (3) and (10) and vaa callad
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rabbit aoru eoatractla« aubatanca (ICS). Tha naaa «aa darlvad fxoa tlia 
biological aaaay with ableh It «aa datactad.
Iha aubataaca KCS waa abom to ba vary uaatabla and l u  t tzcm
tlsauaa «aa atlaulatad by aracbldoolc acid. KCS «aa alao datactad 
during pUtalat aggregation that had baan Induced by «»«i lag«" and 
arachldonlc acid. Finally, tha ralaaaa of KCS waa aho«n to bo Inhlbltad 
by antl-lnflaMtory druga auch aa aaplrln (FACO Inhlbltora), aa «aa tha 
ayathaala of proataglandlna.^^*^^
Xheaa raaulta Indicated that KCS «aa a fatty acid 
cyclooxyganaae-darlrad aataboUU of arachldonlc acid. ConaaquanUy, It 
waa thought that KCS night be tba andoparozlda Intamadlata propoaed In 
tha bloayntheala of proataglandlna.^**’^ '^* UonoTar, onca PGH^ (8)
■«d K &2 (9) had bean laolatad It waa daaonatrated that KCS «aa a 
alxture of two conponenta haring alnllar actlrltUa. Ona waa
Indeed the endoperoxlde (8, 9), tha other waa aa yat unknom. Th<.
unanowi factor waa ahoMt to be far nore potent In alallar aaaaya and to
2Hbe auch laaa atabla.
Incubation of hunan plataleU with arachldoalc acid (1) roToalad 
that It «na converted to thraa coapounda.^^*^ Iha flrat of »•»««-« waa 
12-S-hydroxy-3,8,lb,14-elcoaatetraenolc acid (HKIE) (12). Ihla «aa 
ahown to have a 12-hydroperozy precuraor (1 1) and Ita bloaynthaala «aa 
not Inhibited by aaplrln. However, bloayntheala of the raaalnlng two, 
12-S-hydrozy-S,8,10-haptadacatrlenolc acid (HHT) (13) and 
8-(l-hydroxy-3-oio propyl)-9,12-S-dlb> Ji;osy-3,10-hept«dacatclenolc acid 
(PHD) (14) wna Inhlbltad by aaplrln. Ihla that FGGj (9), a
<*bty acid cycloozyganaaa product waa a likely pracuraor of HHI (13) and 
FUA (14). lo account for theaa obaarvatlona the netaboUc pathway la 
Schaae 2 «aa propoaed.
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Metabcdites of ancliidoiuc acid
.31Further work by the seat group shoifed that there wee e highly 
uneteble lateraediate beteoeD K G 2 (9) end FhD (14). Thle conpound 
wee called throaboaaae (IXA^) and the novel osatene atructure (13) 
eaa propoaed Iron the reaulu of varioua trapping axparlaanta, Schaaa 
3. Iha coapound PHD (14) eaa than rananad aa thronhozane (IXB2).
PHD (14)
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Convenioa of P O O 2 to TXB 2 derivatives via TXAj
Scheme 3
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^2Iba stnicCura (16) vas propoaad by Baldvln as a posaibla 
altarnatlva to tbs blcycUe oaatane (15). It «as ballaved that this 
would also raset with nuelaoptallas to ylald tbroabosaaa B2 typo
u■tnicturaa, Schaa* 4.
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HoMTar, cbaalcal syntliaala of (16) by KaUy at al^^ ahoaod it to 
bo cbaaically and bloloslcally diatinct ftoa natural IXAj* Furthar 
ovldanca for tba ozatano atruetura baa bean obtained froa both the
Q^IQA
afonlatlc behaviour of atructural analoguea and tba alallar
33reactivity of aoaa alnple ozatanea with aethanol or aside. Howover, 
Bora csapalUng evidence has recently bean obtained by the total 
aynthesls of the dlozablcycUc structure (IS). In vivo tests showed 
this to be Indlatlnculshahle froa natural TXAj . however. It wee noted 
that this waa still not entirely cmcluslva.
Throabozana Aj (IS) has a very short half life ’*30 aaconds under 
physiological conditions. It was also shown to be a vary potent
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vaaoconatrlctor and pUUlat aux«S«tor. On tlw faMla of Ita ponnrful 
biological actlTlty and Its Instability It naa eoncludad that 
«aa tha unkaosn factor pcsaaat la ICS.^
Tbo dlacovary of throabozana and Ita rola In platalat 
*U**IAtloa «aa aoon coaplaaantad by tha ohaarratlon of aaothar 
prostaglandin andoparozlda aataboUta.^^ Vana at al daaonatratsd that 
an oasyaa Isolatad froa blood vassals eonvartad prostaglandin 
andoparozldas (8,9) Into an unstabla substanca callsd KX. This nas 
shown to Inhibit platalat aggragatlon and to disrupt prafomad throabl. 
It nas also shonn to ralaz cartaln saooth auscla tlssuos, particularly 
blood vassals.
Anothar naw prostaglandin, 6-kato (17), had racantly bans
Isolatad fron aavaral tlsauas. It «as also datactad in assay solutions 
ahleh bad pravlously ashlbltad PCX activity. This dlscovary pro^)Cad 
tha auggastlon that PCX nay havs tha U b U a  anol athar struetuxa 
(18).^*"^
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,(X)OH
6-ketol>OF,„(17)
ladlolabalUng azparlaants soon confltaad tha anol othar
37structura. Total synthasls than provad tha Z configuration for tha
5 6 30~40A * double bond« Thn trlYlnl d a m  prootncycUa w u  ndoptod
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it « M  clMalflad aa K I 2 (18) undar tba proataslaodln 
anelatura, Flsura 1 .
FOIjClS)
Scbaaa 3 ahotM tlia aarloua poaaible outcoaaa froa proataclandla 
aodoparoxlda aataboUa. It la now claar that tha dlffaraatial 
production of proataglandlna, proatacycUn and Uiconboxanaa dapanda on 
tha tlaaua In «Alch thay axa bloayntbaslaad. lot Inatanca tba — •«" 
pathway within tha kldnay la tha production of PCij (3) and fCP^^
(10)• Production of 1X^2 (13) la the noat pradoalnant pathway In 
plataleta aa la proatacycUn In yaacular tlaaua.
Arachldonlc acid (3) and tha endoperozldaa (6,9) are therefore 
cowaon Interwadlatea of a range of coapounda which hare dlwaraa 
biological functlona. It auat therefore be concluded that biological 
control la azertad throiigh the taralnal enayaaa preaant In Individual 
tlaauaa, for Inatance throaboxane or proatacycUn aynthetaae.*^
Ihla concept la particularly relavant to Vane'a propoaal for tha 
42*45control of vaacular tone. It la known that one function of the
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•adopazozldu (8t9) la to pvoaota platalat auMsatloa. This la aost 
probably dua Co thalr coovarsloo to tha ptqrslologlcaily aora potaat 
thzoaboxaaa (15). For aany yaars It raaalnaJ a aystacy «fay 
platalata did aot adhara to haaltfay vascular tlasua. Tba dlacovary that 
thla tlasua caa coavart aadoparoxldaa to prostacyclin, a potaat 
aatl-agsrasatory aubstanca, provi dad tha aasatr. Vana at «1 hava sho«n 
that vascular tlasua dosa not hava algnlllcaat cycloozygaaaaa activity 
and tharafora It doas aot produca aadoparoxldas. It aaau Ukaly that 
tha tlssua la 'fad* andoparozldaa produced by platalata.
la a noraal blood vaaaol, platalats will produca tha aadoparozldas 
(8,9), la tha vicinity of tha vassal wall. Thaaa will ba convartad to 
proatacyclla, thus prevaatlng adhasloa or thraabua forastica. This 
provldaa a dallcate oachanlaa «faaraby blood vassals ara protactad froa 
tha haraful daposltloa of platalat aggragataa. Uoaaver, In ths casa of 
daaaga to tha vassal waU, this balança «111 ba upaat alloiring 
aggregation to occur and aalntalnlng the vascular Intagrlty. Obviously, 
labslances or faults la this airhanlaa are likely to causa problaM 
«ichla the cardiovascular systan. For oxaaple. Inhibition of 
proatacycUn aynthaals has baan lapUcatad la atharoaclarosla.
Slallarly, aacasslva lavala of chronbozana have bean aho«n to 
Acuta nyocardlal Infarction or la leas savore caaas, anginn pectoris 
rasponaas. Tha rola of thronbozana A2 and proatacyclla la 
tcoAbfon nay be critical la tha causa or prevaatloa of heart attacks »"H 
strokaa.
Naturally, a naans of controlling the balance of TXA2 oad FClj 
«ould ba therapeutically voluahla. Tha prevantlon or traataaat of 
cardlovoacular dlaaaaaa nay be possible by blocking or Inhibiting the 
potentially harmful affects of thronbozona A^. There ara oaveral «ays
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In «hlch thla najr ba nchlnvad.^
Inhibition of tha fatty a d d  cydooayaanaaa or FGH ajathataaa vould 
block tha production of 1X42« 4ntl-lnflaaatory druga such as aspirin 
inhibit this ansjraa and have baan uaad la tha traataaat of soao 
cardiovascular dlsordors. Hovavar, this «ould also pravant bloaynthasls 
of CCl^ and othar prostaglandins and Is tbaroforo not conplataly 
satisfactory. Iha synthaals of nora atabla Klj darlvatlvaa with 
agonist proportlaa «mild ba uaaful. An agonist has a biological profile 
slallsr to tha conpound It niales. Conpmmds of thi« nature «ould 
Increase the apparent lavals of F6I21 hence lonarlng blood prassura and 
pravantlng throabus foraatlon. Saleetlva Inhibition of throabosana 
synthetase, the ensyas which converts FC62 (9) to IXA2 (16) aay also 
ba useful. This could ba achieved In prlndpla by tha synthesis of 
stable endoperoxlde analogues which shmild act as substrata for
tha ensyae. Finally, synthesis of throaboxane A2 antagonists would be 
therapeutically useful. An antagonistic coapound would coapata at tha 
receptor laval with natural IXA2 but have tha opposite biological 
affect. Blocking these racaptors would prevent tha potantlally hamful 
effacts of IXA2 without pravantlng Its production by ensyaas.
Fravantlon of TXA2 production by snsyaa Inhibition nay ranea unwanted 
side effects due to overproduction of dther prostacyclin or other 
prostaglandins.
Bacaptor antagonists are usually coapounda that are structurally 
slallar to but aora stable than tha natural agoolst. In riii» way they 
can fit receptors, but hopefully do not trigger the natural physiological 
response. Previous syntheses of s series of throaboxans A2 analogues 
are discussed In a later section.
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1>2 Fropartl»« of fluorlm
Tba introduction of fluorine into organic coapoundn ***** cnunc n 
rarlnty of Tory sl(nlfieant rhangoo la thalr cltaalatry. Aa a raault, 
ortaoofluorlaa coapounda hare a dlTorae ranga of propartlea and uaea. 
Thla can be aaaa la tlialr uae aa ooolaata, aaroaola, artificial Uood 
aubatltutaa and chanlcally reaiatant polynera. Itala dlToralty la -i-*« 
iurttaor reflectad In ttae Taat nunber and range of blaaadiclnal 
organofluorlae coapouada. Itae unique ptayaical propertiea of fluorine 
aaka it particularly uaaful in ttala area and ttaeaa a n  outlined 
baloa/^*^
1) The stroagtta of ttaa carbon fluorina bood ezcaada that of ttae carbon 
hydrogen bond* Itala often naulta in Incroaaad ttaaraal 
osldatlTe atablllty In organofluorlna coapounda.
X H P Cl gr 1
Bond energy 
CH3- X 
(keel aol~X)
104 109 84 70 36
II) Fluorine la the aecond aaallaat aubatltuent and conaaquantly cloaaly 
alalca hydrogen, with napact to atarle nqulraaent at onayae 
ncaptor altea.
Van der Haala radii. Fluorine 1.334^
Hydrogen 1 .2A
III) Itae high alactronegatlTlty of fluorine (4.0 Fouling acale) 
frequently altera ttae alactronlc propertlaa and ttaenby ttae rhaalral 
nactlTlty of the coapounda concarnad.
It ) Itaa Introduction of fluorine into organic *^>1 ar**^ ** n*..*!
incraaaaa their lipid aolubllity, ttaanby *nh»iu.«m rataa of 
abaorptlon and tranaport of druga in tIt o.

19
"nw atraocth of tho carboa fluorlna bond »«»f that 
of tha carboo bydrogaa boDd. Ihla dlffacanca oftan 
raaulta la lactaaaad thazaal aad ozldatlTa atablllty la 
oraaaofluorlaa coapouada*.
Although aot cllalcally uaaful, fluozoacatlc a d d  (19) la 
latazaatlag both fzoa a hlatorlcal parapactlva and **triina It la a 
aatuxally occurtlng tosla.
PCH^COOH (19)
Fluocoacatlc a d d  (19) ana flcat pcaparad la 1896^^ aad aaa «»««—  to
coatala a atablo carboa fluorlna bond bolng raalataat to hot coacaatratad
aulphurlc add. Furthar lataxaat davalopad la 1943 it uaa
dlacovorad to be the toxic cooatltuaat of a South Afrlcaa pleat 
_30 Slaca thaa fluoroacatlc a d d  and fluoro fatl^ 
51-34
Dlchapatatun cmoaua
adda have been found In a rarlaty of other pianta
lluMvati aarloua raaaarch Into tha toxicity aad chaalatry of 
fluoroacatlc a d d  (19) and relatad conpounda ana only 
tha aacond world war when Saundara aad co-workara prepared aad taatad a 
large ouahar of fluorlnatad coapounda. Soaa of thaaa ware toxic (la 
rabfalta L O ^  by IntraTtaoua lajactlon waa 0.23 ^/kg of body 
weight) while othara, al though doaaly related were curloualy 
noa-toxlc.
Tha flrat coapound to be aynthealaed aad Inraatlgatad waa aathyl 
fluoroacatata (20).^^ Ihla waa a aobUe liquid hpt 104°C and naa 
praparad froa aethylchloroacetata aad potaaalua fluorlda.
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FCHjCOOCH^ ( 20)
Thla w u  mlao ■lunm to havo a atabla fluorlaa aubatltuaat, bolag laart to 
both rofluxlat 202 alcoholic potaaaliai hydxoxlda aad to boiUag 
coacaatcatad aulphuric acid. Mathyl lluocoacatata (20) aad tha calatad 
athyl, B-pcopyl aad laopcopyl ostara wata all ahoan to hava alallar 
toslclty. HoaaTac, aathyl o-lluoroproplooata (21) and aathyl 
o-fluocolaobutyrata (22) aaca aon-toxlc.
FClSIaCOOCU^ (21)
reHajC00ai3 (22)
furthat aotfc ahoaad that 2-fluocoathanol (23), fluoroacatyl 
(24) and fluoroacatyl fluorlda (23) aaca all toxic, afaaxaaa chlozoacatyl 
fluorlda (26) aaa non-toxic.
raijCH^OH
raÌ2Coa
rCH2C0F
CICH^COF
Ihla aarlaa of axparlnanta auuaatad that tha toxicity aaa dua to 
'FCii^ CO* croup. Furthar oTldaaca aaa tha non-toxlclty of atl^l 
fluoroforMta (27) aad tha aahaacad toxicity of 2-fluoroathyl 
fluoro acatata (28).^
FCOOCjhj
FCiijCOO CU2CH2F
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Slallarly, tha Mrlai of aaldoa, laUo 1, «ara alao a U  toxic.37
labia 1
reUjCONHCU^
KIÌ2C0N(C1Ì3 )2
FCH^CONHCil^CH^OB
rCH2C(MWai2Cil2Cl 
rCH2C0N (Cil2CH2a )2
Ihaaa caaulta claacljr ihowid that if a coapound w u  aaally 
bydrolyaad or oxldlaad to fluoroacatlc acid, than It would ba toxic. A 
particularly alasaat axaapla vaa tha daaaoatratlao of tha altamatlng 
toxicity within a aarlaa of w-fluoro carboxylic aclda^*^’ labia 2.
tabla 2
FCU2 COOK 
FCiÌ2CH2C0<ld 
7 (012)3 COW 
7 (012)^ COOK
Toxic 7(012)3 COOK Toxic
non-Toxlc 7(012)7 COOK Toxic
Toxic 7(012)10 noa-Toxlc
noa-Toxlc 7(012)^1 COOK Toxic
aatabolala of lone chain fatQr aclda occura via tha ao i».* 
B-aclaalon pathway. Kara fatty aclda a m  brokan down la two carbon atoa 
unlta owlns to oxidation at tha B-carboo atew.
B~Cxldatlon of aclda with an awan nuabar of carbon atowa would 
ultlaataly mault la tha foraatlon of fluoroacatlc acid (19), and >wmw.. 
exhibit toxicity. Slallar oxidation of tba odd auabarad hcaologuaa 
would land to althar non-toxic fluoroproplonlc acid (29) or fluorofomle 
acid (30).
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nai2CH2 COOK
FCOOH
Ita* bloclmlcml Mchaalaa for fluoroocotlc a d d  polaonliic w u  
•lueldatad by iotor* ot »1 . ^ ^  Iha oonul product of fat^ acid 
ozidatloa la a two carbon acotyl unit bound to co-anayaa k, a bloctaaalcal 
laavlng group. Thla coapound, coUactlvaly rafarrad to aa acatyl-Cod 
(31) la taken Into tha altochoadrla and Incorporated Into tba 
tricarboxylic acid (ICA) cycle. Kara acatyl-CoA la condenaad with 
ozaloacatlc acid (32) to f o m  citric acid (33), Schaaa 6.
0
II
1 (31)
HO- -(XX)H
Oxaloacetic acid (32) 
Sdieme 6
Citric acid la than laoaarlaad iqr tha anxyaa aconltaaa to laocltrlc 
add. Subaaquant aataboUaa of laodtrlc a d d  prowldaa tha anargy 
raqdred to produce AIF. The cyde la finally coapletad with tha 
rageneratlon of oxaloacetic a d d  (32), Schaaa 7.
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Scheme 7
ItM eBall alM of uta fluorina atoa allowa fluoroacataCa to alaic 
acetato. It la Utarefore readily bound to co-enayae A and condenaed 
with oxaloacetic acid (Schaaa 6) to f o m  fluorocltrlc acid (34).
HO- -COOH
(34)
Howaver, the atabllity of tha carbon fluorlna bond prawenta further 
■etabollaa. Fluorocltrlc acid (34) la therefora an offactive Inhibitor 
of the enayne aconltaae. Inhibition of thla anayna braaka down the IC4 
cycle due to accuaulatlon of citric acid and an Inability to recanarate
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ozaloacetlc add. Fluotoacatic a d d  pdaonlng thaa» la ciuaad bf 
blocking tha ICA cycla nhlch pcavanta tha bloayntbaala of tlia natabollc
acgy aourca AZP.
Iha tan 'lathal ayntbaala ,63 colnad by Patata to doacdba
tbl8 typa of aachanlaa. That la, tha bloaynthaala of an aaayaa 
Inhibitor auch aa fluorodtrata fcoa a pxacuraor. In thla caaa 
fluoroacatata.
Another faadnatlng Uluatradon of 'latbal aynthaala' la tha of
fluoropyrlnidlnaa aa antl-cancar druga. craatad ajor
braakthrough la chaaotharapy In tha lata 19S0'a. Thla
Idtlatad by tha dlacovary that tha bloayathaala of UNA by calla
had an <
uracil analoguaa
for uracil (33) 64,63 Subaaquaatly aararal
preparad nhlch 3-fluoro uracil
(36) 66,67 Thla ahown to h a m  a raaarkahla
activity.
ir Inhibiting
Since then, 3-fluoro uracil or Ita derlvatlvaa have been
widely uaad throughout the world for tha traataent of cancer.
HN
Tharo ara two dlffarent aachanlana for the cytotoddty of 3-fluoro- 
uracll (36). Aa wlth fluoroacatlc add, the alna of the fluorina atoa 
allowa the fluoro coapound to alalc uracll (33) Itaalf. Conaaquantly,
It la enayaatlcally convortad to tha nuclaotlda 3-fluoro urldlne (37) aad 
than to 3-fluoro urldlne aono, d  and trlphoaphata (38) Schaan 8.
2S
Finally, tba trlpkoaphata (38) baco— ■ Incorpotatad Into UUl. Onca
lacorpocatad Into UUl It la ballavad to cauaa tcanacrlptlonal arrota
68within tha dawaloplns tuaaur calla.
n n
A
(36) 
Scheme 8
HO OH(37)
HO OH 
(38)
Mora elaarly uadaratood, howaTar, la tha Inhibition of tha ancyna 
thyaldylata aynthataaa.^^^^ Aa bafora 3-fluoro uracil (36) la 
convartad to a nuclaotlda, S-fluoro-2'-daoxy-6-urldlna (39). 
Intaraatlncly, thla conpound haa aubaaquantly provad to ba clinically 
aora affactlva and laaa toxic chan 3-fluoro uracil (36) laalf. Iha 
nuclaotlda la than convartad to 3-fluoro~2'-daoxyurldlna-3'-phoaphata 
(40) (3-FUOKP) Schaaa 9.
HN
N'
HOCHa ^ 0 - P - 0<»(2
HN 
O ^ ^ N
(36) HO
HO
(39) (40)
Scheme9
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5-FUDRP Is a coapstltlTS Inhibitor oi thynldylata synthstnsa. Xhis 
tnsyat nonally eonvarts 2'-doo«yutldlna-3'-phosphats (41) to 
th7Bldlna-3 '-phosphato (42), an ossoatal coapoaant of DN4, Sc h w a 10.
DcoxyaridÌBC-5'>pliMphatc
S-FUDRP
Thjmidylata Syntbataac
ThyBiidÌBC-5'-phMphata
(41)
D N A
Scheme 10
As in tba casa of fluorocltrata, Inhlbltloo of thla aaayaa la dua to 
tha stablUty of tha carbón fluorina bond. Sehw a  11 show tba 
aachanlstlc datalls of tha noraal ansyaatlc raactlon.
2'-Daoryurldlna-5 * -phoaphata (41) raneta alth a cystalna raaldua 
wlthln tha ansyaa to fora tha aagatlvaly charpad coaplax (1). Ibis than 
raacta «Ith tha folata eofactor folata), a blochaalcal
wthylatlnc raacant, to fon eoaplaz (11). Tha protoo oa C~5 la than 
raaovad to f o n  (1 11). Ihla than datachas froa folata alth abatractlon 
of a furthar proton, to ylald ultlaataly thyaldlna and H2 folata. Iha 
fluorlnatad darlvatlra prooaada as far as coaplax (II) «han a atabla C-F
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bond la ptaaaat Inataad of tha nozMl carbon taydrocaa bond.
XE
n n
A .
^CH2-H4toM*
(D
X * s C > C H *
1  T
on)
,CH3
nn
A . XE
Sdtenie 11
Ihla naturally Intarupta tba raactloo aaquaaca caualng tba conplaa 
to accunulata and tbarafora Inhibit tba anzyna. Inhibition of thla 
anayna praranta tha Incorporation of thynlna Into DN4, roaultlng la a to 
callad 'thynlnaloaa daath* for tha tunour calla.
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“Fluoriaa !■ ttaa Mcood MullMt sub«tltu«iit 1.33iA aad 
conaaquaatly cloMly alale« hydrogwi «ith reapact to «tarie 
taqulxaaaaL« «t ansya« «Itea.”
Ihl« «blll^ of Uuorlna to alale hydrogaa h«« alraady baaa ««««
«Ith raapaet to both fluoxoaeatle «eld «ad Wluorouraell» Both th««a 
eoapouad« «ara raadlly «ecaptad by «ncyaM «hleh eonvartad thaa lato 
eoa^ouada «hleh thaa lahlbltad a dlffaxaat aaayaa. Although aot 
dlraetly raapoaalble for «aeyat lahlbltloa, tha alaa of tha fluorlaa atoa 
«aa enielal to tha aetlrlty of both thaaa eoapouada.
Ihla partleular proparty of fluori«« «aa uaad to daaoaa trata tha 
eoaeapt of 'druf daalca* la tha «arly 1970'a.^^ Ihat la, tha 
praparatloa of a eoapouad «Ith daalrad blologleal aetlTlty by eoaeaptual 
daal(o laataad of aaplrleal aaareb. Ihla approaeh raaultad la tha 
daalga aad «yathaala of a aa« aatlbaetarlal dru(, «hleh «aa tha flrat of 
a aa« elaaa of eoapouad« now kao«a aa aulclda aubatrata «oayae 
laaetlvatora.
Iba orlflaal thlakln^ bahlad tha 'daalfa' approaeh^^ «aa to «alaet 
a enielal aatabollta of a kay blologleal proeaaa «hleh «aa alao of 
«poêlai laportaæ« to a ’dlaaaaa proeaaa'. Harlog Idaatlflad a «ultabla 
aatabollta tha aaxt atap «ould ba to prépara «yathetlcally aa 
'aatlaatabollte'; that la to prépara a eoapouad that raaaabled tha 
aatabollta vary eloaaly, but be dlfferaat anough to hloek or lahlblt tha 
aalaeted blologleal proeaaa. lo æeoaaodata thla paradosleal Idaa tha 
tara 'laogeoaatrle aodlfleatlon* «aa uaad to daaerlbe tha requlred 
ebaaleal ebaage. Naturally, tha alallarlty 1a alta bat«eaa hydrogaa aad 
fluorine but thelr draatleally dlfferaat ehaaleal propertlea aada tha uaa 
of fluorlaa an obvloua eholea for 'laogeoaatrle aodlfleatloa'.
Iheaa Idaaa lad Kallooltaeh aad eo-work«ra to ayathaalaa
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(43)
1/2 H jP
76SubMquant r«a««rcb haa shmm that tha dautaratad aaalotua (44)
In coablnation with tha pxavlaualy known natural antibiotic cycloaarlna
79(43), haa anhanead antlbactaclal activity. Thla activity la a 
raault of a aaquantlal hlockada of call wall bloaynthaala.
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’nuorlM with Its y%xy hish slsctroasistlTlty frsqusntly 
aitsrs slsctionlc sffsets sal tbsrsby chsalcal rasctlvltj.''
A psrtleulsrly striking srsnpls of s ehsaga In ehsalcsl xosetlvlty
caussd by tbs Introduction of fluorlns Is ths stsblUty of tbs dlfluoro 
00prostscycUn snsloguo (46).
(1«)
Iho nstursl coapound, prostscyelln (18) Is s posarful vasodilator 
»nd anticoagulant, «Itb a mlatlvsly abort balf-Ufa t^ 2  mas.
Tbaaa proportlas ars nomally usad to counter tbs offsets of thronbossno 
A^ wltbln a baaltby blood vassal. Howsvor, conpounds wltb tbsss 
propartlss nay ba tborapautlcally useful In tbalr onn rlgbt. It Is 
tborsfora llkaly that a nora atabla derivativa of prostacyclin nay 
provide a useful drug.
Tba noraal bydrolyala of prostacyclin (18) procaada tbrougb tbs 
Intam s dlats oxonlua Ion (47) Schsns 13. It was taaaonsd that tba 
povarful electron «ithdmwlng properties of fluorlns would destabilise 
tbls Intemadlats and thus stabilise tba original enol-atbar function.
The dlfluoro FCI2 analogue (46) was abona to ba one hundred tines 
nore stable to hydrolysis. Mors significantly, it was equal la potency
33
to natural proatacycUa In lowarlnc blood pcaatura.
Scheme 13
HO
07) O H
Slallnr affacta of anhanclm tha hydrolytic stability hava boon 
obaarvad for tha 3-fluoro (♦«) and 7-fluoro (49) PClj darlTatlvas^^ 
both of atalch had prostacyclin agonist activity.
(4«) OH
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ánothtr w p l »  coaeanis tha naturally oeeurrlac aatl-caacar acanta 
dauaaaycla (SO) and adrlanyela (31).
OH
CHsO O OH s
C H ,'
HO Ñ H 2
R - H  (SO) 
R - ( m  (SI)
affacta.
Áltlxnich clinically uaaful, thaaa coapounda hara aoaa aarloua aida 
82 la attaapta to laprova tha tharapautlc valúa, attantlon
baa vacantly focuaad on fluorlnatlm of tha aalno aucar aolaty, 
(52)."-“
OH
(32)
Fluorlnatlon at C-2 will Incraaaa tha hydrolytic atablUty of tha 
cXycoaldlc llnhaga la tha parant coapound. Aa bafora, «-i»«« la bacauaa 
tha alactron wlthdrawlnc propartlaa of fluorina will daatablUaa tha 
oaonlua Ion Intaraadlata.
Iba aynthaala, and prallalnary biological evaluation of
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2'-C-fluoro-3-daunoa7clii (S3) ha« baan raportad. Thaaa saaulta ahoaad a 
aiallax actlaltj to dauaaqrela (30) In altro. Hoaaaar, In tIto tha 
rant« of actlTa doaaa ana eonaldarably wldar. Pxaauaably thla la a 
taault of tha Inezaaaad hydcolytlc atablUty, aa thla would naan that 
nota of tha ’actlT«' conponnd la Ukaly to taach tha tar^at oalla, hanea 
loaarlnt tha taqultad doaaga.
O OH
Q X 0 ‘CH3O O OH s
CH,"
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*Ih* Introduction of fluorine Into orynnic aoloculaa usually 
Incmaaas lipid solubility, tharaby anhancing tha rataa of 
absorption and transport of drugs In Tiro.“
Xhs Introduction of fluorine into organic nolaculaa often xasulta In 
profound changas la chanlcal or biological activity. Conaaquantly this 
tachnlqua has bean used to develop naay claaaaa of drugs ranging froa 
prostaglandlna and starolds to tha psychophamacologleal or central 
nervous aystan (CMS) agents.
Sons of the changes In chanical behaviour resulting froa 
fluorlnatlon have already bean daaonstratad. Unfortunately, thaaa 
changes are often not so pradlctabla and a trial and error approach has 
to be used to optlnlsa potency and salactlvlty In drugs. In naiqr of 
these cases no obvious chanicni nachanlan can axplaln tha changaa In 
activity obaarvad. Honnver, It la ballavod that Incmaaad UpophlUclty 
nay be tha significant factor. A slnple lUuatratlon la tha change 
resulting froa aubstltutlon at C-12 In (10). lalatlva to the
parent coapound, 12-fluoro (SA) has anhanrad antlfertlllty
89activity and dlalnlshad anooth auscla contractlla activity.
Mora Interesting are tha subtle changes In structure activity
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90ralatloaahlpa «Tldant In m m  claaau of tho CHS at*»ts. A Mrina 
of tharnpoutleally laportant phonorhlaalnoo ora praaantad la laUa 3. 
lhaaa baione to a elaaa of conpounda callad nauxolapClca ableh ata uaad 
In tlia ttaataant of achlaophranla.
Tabla 3
X K Coapound
a -M(CH^)2 (33)
CF,3 -«(CHj)^ (36)
« 3 (37)
" 3 -N N(U1-CH,0H (38)
Iha patant coapound cblotoproMilna (33) m a  flrat tntroducad In 
1934 and aubaaquant raaaareb baa taaultad la tba Introduction of nanj 
otbara. Subatltutlon of cblorlaa wltb trlfluocoMtbjrl (36) lad to a 
flva fold Inccaaaa In potane/. Manipulation of tba aalna aubatltuaata
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than naultad la trlfluoroparulaa (37) aad fluphaaasla* (38) «hlch arc 
fifty aad oaa huadrad tlaaa aota potaat taapactlvaly.
Aa azparlaaat attaaptlag to lactaaaa tba potaacy of flupiiaaaslao
(38) lad to tba toplacoatat of tha 2-tclfluotoaatliyl group «Itlt aora 
alactrooagatlra groupa. Itaa 2-altro darlratlva oaa thzaa tlaaa aora 
potaat aiwraas tlia 2-cyaao darlvatlva aaa oaa half aa potaat. tha eyaao 
group baa alaetroa wlthdrawlag propartlaa batoaaa that of trlfluoroaatlqrl 
aad altro. It aaa tharafora coacludad that dlffarratlal Upld-aatar 
aolublUty aaa probably aa laportaat factor la dataralalag tha 
potaacy.*^
Aaothar aarlaa of clinically laportant druga ara tha
901,4-banaodlaBaplnaa ahooa la labia 4. Iha parant coapouad dlaiapan
(39) la uaad to troat anxlaty and tanalon la patlanta with nauroaaa and 
dapraaalTa atataa.
Tahla 4
Coapound No X “i •4 •4 Y
39 a “ 3 U 8 0
60 Cl (CH2)jN(Bt)3 F 8 0
61 a CHjCFj 8 8 0
62 Cl CH CF 2 3 F 8 S
63 "°2 “ 3 F 8 0
64 a 8 F F 0
63 Cl « ¿ - < 3 F 8 0
66 Cl CHjCFj F 8 8
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SubMquant atruetut« activity work haa caaultad la tba latcoductloa 
of fluaaapam  (60) aad flualttaaapam (63) aa hypnotic agaata.
Hualttaaapaa (63) haa alao baaa uaad aa aa latravaaoua aaaaattaatlc.
Both fluzaaapaa (60) aad quaaapaa (62) havo fouad uaa la tha taaataaat of 
Inaaaala. Co^ouad (66) la aa axtcoaaly potaat aaticoavulaaat agaat, 
«hazaaa coapouada (63) aad (66) aho« both auacla tolaaaat aad 
aatlcoavtilaaat activity.
Both tha l,6~baaaodlaaaploaa aad phanothlaalaaa ara CMS agaata. 
Ihacafoxa, thalr aoda of actloa «111 ha althar agoolatlc or aatagoalatlc 
at varloua aauro-traaaalttar racaptor altaa. It la aaay to aaa that la 
both thaaa caaaa atructural chaagaa havo gaaarally raaultad la 
uapradlctabla chaagaa la aaloctlvity aad potaacy. Praauaably thla la a 
coaaaquaaca of tha coaplazity of rhaalral lataractlca «Ithla tha ayaapao.
Uoaavar, tha lacroaaad llpld aolublUty raaultlag froa latroduetloa 
of fluorlaa auat ba aa laportaat factor la dataraialng potaacy bacauaa aa 
lacroaaad UpophlUclty «111 incraaaa tha rata of abaorptloa acroaa tba 
blood brala barrlar aad banco lato tba caatral narvoua ayataa.
flaallyt an axaaplo of particular Intaroat la faafluraalna (67).
HO
Thla coapound haa tha aaaa abaoluta configuration aa Mphataalaa 
(66). Hovavar, tha fluoro coqiound cauaaa a dialauatloo of tha 
hyparactlvlty cauaad by aaphataalno adalalatratloa. Clinically
faafluraalna (67) la uaad aa aa appetita raproaaant or anoractlc for the 
_ 92treataaat of obesity.
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1>3 Syntlutl» of an«lo«i'»T
Ihroabozaii« (15) baa aztnaaly potaat vaaoconatrlctlag aal 
platalat agcrasatory propartlaa, «faaraaa throaboxaaa B2 (14) ia 
biologically iaactiva.
'COOH
OH
HO'
TXA2(15)
'COOH
OH
TXB2(14)
It auat tborafoca ba coacludad that tba bicyclic atcuctural unit «itbia 
tbroabosano vital for ita biological activity. Tba
activity ia in turn dapaadant on rocaptoc binding pzopartlaa. 
Conaaquantly, any analogua, altbar agonlat or antagonist, vblcb is 
raqulrod to act at a racoptor, aust bava a slallar structural unit.
Ibe dloxa blcyclo[3,l,lJ baptana unit la IXA^ (15) is vary 
lablla. Ibis baa aada both total syntbasla of tba natural product and 
of cloaa structural analoguas difficult. Uoaovar, aany analoguas wltb 
■**cb Bora stabla bicyclic units bava baan praparad. Ibis baa ganarally 
bean acblavad by substitution of ona or both of tba ozygan atoM wltb 
altbar carbon or otbar bataro atoas.
Tbara are two problaaa assoclatad wltb tbe syntbaais of XXAj 
analoguas. Tbasa are tbe coastructl<» of tbe blcyclic unit and tba 
establlataaaat of tba trans staraocbaaistry of tba prostanoid 
sldacbalns. Iba coaaon strategy adopted baa baan to prepare 
Intaraedlates sucb aa (6V) or (7U).
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.CHO
CHO
'CHO
Proa tlMM, «atabllslMd Mtliodologp 1« •TsUabla fot tte introduetloa of 
tha proataaold ■Idachalaa.
Por tho U M  of dlacuaaioo ttao apathoooo of tte Torloiia XXAj 
aaaloguM bsTo boon oubdlrldod lato thxoo aaetloaa. Ihoso axa tha all 
carbón analoguaa (71), tha carbón, hataro atoa analogoaa (72) or (73) and 
flaallp tha hataro atoa analoguaa (74) or (73).
(71) (72) (73) X-Y a4 ) 
X^Y (75)
All carbón analonuaa
Itaraa ladapaadant ajmtbaaaa of tno carbón aaalogua (87), CIA2, 
hava non baan publlahad. Tha flrat of thaaa la praaantad la Schaaa
14.93
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OTt (76) (77)
Qv) -
as)
H
(«0) (81)
CO|lto
(82) (83) (84) OH
^  f T i “"""®»" (X) f j
^CiHii
(85) OTHP (86) OTHP
‘COOH
CTA2(87)
Scheme 14
(I ) NaN(SUte3 )2 (2«q). C ^ .  80<>. Sh (S7S).
(II) LEA (2«q). IHF, -78<>. 21i, thmi lCH2CH*C(Me)81Me3, Hlffà,
-7«o. 2h. ttau 2}0, Ih (482).
(III) MCPB4 (l.S cq), CH2CI2, 0<>, 3h Ctau ÌKO2ÌI, ai2Cl2>
250. 30 Bln (872).
(I t ) 102 aq KOH, Ma OH, raflux 2h (832).
(t ) LI-ÌU3 (Uq) - Bu*=(li, -78«, 10 ala, than Josaa ozldaUan (312). 
(t1) Ph3P * CH2CB2OO2U Mt3~, IHF, 0», 30 ala, thaa 
Lite, U 2CO3 , OHP, 1230, Ih (332).
(t11) 0a04, iiyzldlaa, 23**, 2h, tbaa NaH803, tbaa Pb(04c)4,
(3aq), la MaOH-baaiaaa, 23°, 12li (622).

Uaboratlon of th* blcycUc katoa* (77) to CIAj (87) « u  than 
carrlad out by pxapaxatloa of tbo o,8-uiia«turate¿ aldolqrd« (90). Ihlo 
« u  acliiovod by hoaolotatlon «ith • Nlttlc raacaat to ylold tbo aaol 
•thor (89). RoactlOQ wltb pboayl ■•Itnyl cblosldo tavo tba aalanida 
and oxidation and allalaatloo yialdad tba o,B~<inaatiiratad aldalqrda (90).
Iha bottoai proatanold aldacbaln aaa tbaa addad by coajugata addltlos 
of tba appropriata alxad cifrata. Ihla (ava pradoataaatly tba trana 
iaoaar (91), tba laoaat baia« aplaariaad «Ith potasatua carbonata la 
aatbaaol to yiald azelualvaly tba raqulrad traaa ataraoehaalatry.
Vurtbar haMologatloa aad aalactiva iqrdrolyala yialdad tba aldabyda (92) 
ablcb ora coavartad to Ctà^ (87) by Hittlg xaactloa aad caaoval of tba 
protactlag groupa.
OMa
,o«>
J k L
(77) (89) (90)
0 ^
(91)
Ü L
C#4ii
06HCHi)2Bi/
r ^ ‘‘" ^ C H O  (viHvffl)
(92)
*C<X)H
(TAjíST)
OH
Scfaeme IS
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iMtMita (1) Ph3P ^ 0lte (2*q), rar-toluraa. Sh, O». (11) FhSaCl
(•maa). K2CO3 . CU2a 2-toluaaa. -78<>. 4h (62Z ftoa (77)).
(Ill) NCPU. CH2a 2. -780. 30 aia. thaa Prl2NH (2.2 aq), 
aazalng to 2S0C (88S). U t) Cuprata (93), atbar, -780, 4ti thaa 
aftar work up K2CO3 . HaOH, toca taap. 12h (332). (v) Rt3P^(lNa
(1.3 aq) la toluaaa-SV, OO, 30 ala, thaa l<s(04e)2, H20-Hir, 230,
Ih. thaa 72 aq U  (792). (vl) «13 P-CH(CH2 )3 C02Üa, EN80,
230, Ih, thaa CH2N2, QO, (742). (vll) 4COH-W-82O (3i2i2),
430, lOh, thaa chroaatography (632 o -a p la a t, 332 B-aplaax). ( T i l l )  IN 
UOH, lHr-H20, 12h (93-972).
(MOiNJaP-UCu
(93) OOfpHMBti
Sehaaa 13 Kaaaaata
Flaally, tha thlzd ayathaala, outUaad la Schaaa 16,^^ atartad 
with tha cyclofeutaaa dlol (94), tha toaylata of which (93) waa twactad 
with aodluB cyaalda to glTo (96). Kaductloa affozdad tha dlaldahyda 
(97) idilch uadacwaat efflclaat aldol cycUaatloa to tha a,B-unaaturatod 
aldahydo (90). Subaaquaat alaboratloa to CIá2 waa Idaatleal to that 
outUaad la Schaaa 13.
Othar carboa aaaloguaa preparad haww aada uaa of the aaturally 
occurrlat [3.1.1] blcycllc ualt praaaat la tha plaaaa afcalatoa. Ihroa 
ayathaaaa of plaaaa throaboxaaa 62 or PT42 (103) hawo appoarad la tha 
literatura. The flrat of theaa (Schaaa 17)^ uaad (-)ayrtaool (98), 
ozldatloa of which gava tha a,B-uaaaturatad aldahydo (99). Oaca aora 
coajugata addltloa waa uaad to attach tha lower aldachala with traaa 
ateraochaalatry.
4«
HO
(93)
CN
(H)
(96)
^CHO
Scheme 16
- H .
(97)
.CHO
(90)
(1) NaCN( 1M80, ovexnlchc «t zooa teaperatux« (70X). (11) IuJaIH
(ASS). (111) Plperldlalua Aeatat«, tafluz, (70S).
SchMi 16 laaaaata
(9«) (99)
'TVw.*'*OIO
M .
Schemen
PTAj(103)
(1) Mn02. CH2CI2, 2SOC, 48h (95Z). (11) Cupcata (93), atbar,
-7bO, 4b than altar w/u K2CO3 , MaOU. rt, 12b (8UZ).
(Ill) PbaP^ONa (1.3 aq) la toluaaa-XliF, 0<>C (941).
(It ) (iis(Q4c)2/Kll/H20/ZHF, (93Z-97Z).
(r) Pb3P-CH(CH2)3C02Na, OMSO, 23<>, lb. than CH2N2, QO.
(aOZ). (▼!) AcaH-IUP^20 (3i2i2) 43». than cbzbwitograpby (K1 
aplaarlc ratio). (vll) IN UOH, IHF-il20. (93Z-97Z).
Schaaa 17 Kaaaanta
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Standard protocol naa folloand to coaplata tlia synthaala.
Iha aacond ot thaaa aynthoaaa (ScIm m  18)^^ uaad tha aloobol, 
(-)nopol (104). Ihla mu Initially protactad and tha foraqrl snup 
Introducad by carboaylation with 9-borablcyelo(3.3.1) borano/trlalkozy 
Hthliai aliailfilial hydrlda and carbon aonoaida. Xba ataraochanlatry of 
thla raactlon ana controUad by addition of tha bulky borana magant on
_____^OTHP
(Hi) . 0-CHO(104) (105) (106)
Ov) COiH JSL
CO|H
jviL
(ymxix)
FTAjdQS)
Scheme 18
(1) CUP. (ii) V-BBN, than CO, UAlH(0Bu^ )3, -35<>C, then 
H2O2. (Ill) (Ma0)2 P(0)aiC0C3Hii* (It) 4cOH-ii20-Iiiy 
(6i4il), 400, than Cr03, cone H28O4, OHP. (t ) L-Salaetrlda, 
mP, oo. (Ti) CH2II2, than DHP. (vll) I.IAIH4, than Pyridine 
chlorochroaata. (Till) Ph3P - €8(012)3 COfK, mP.
(Iz) ACOH-H2O-IIIP.
Schaaa 18 Baaaanta
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ti» hlodarad tmem oí th* aolacul«. fritpltri— nr oí th* borana »■>««■«
ocoura «Ith ratantlon of coaflcuratlon to jlaU ttaa traaa adduet (IOS). 
Havlac aatabUahad tlia corcaet xalatlva ataraochaalatcy oí tha alda
grtxipa notBal procaduraa folloaad to attach tha pcoataaoU
Iha -97raaaarch group alao praaantad a ajathaala
a,8-uaaaturatad aldol^da (99}| tha Bothodologp
tha
■ alatlar to
that pravlaualp la SclMaa 17.
Iha third ayathaala la outUaad la 19 98 Ihla alao
startad with tha alcohol (-)aopol (104). gara tha oaly dlffaraaea la la 
tha ordar of attachaaat of tha proataaold groupa aad will aot ba
dlacuaaad la aap furthar datall.
(111)
*(X)
(114)
'(»OH
Scheme 19
(1) 9-BBN. LUlH(0Ha)j. CO, ntf, thoa HvO.. (11) gljcol/H *. 
(111) Ngyila, athar. (Iv) PDC, CU2CI2. (t ) PhaP “
01(012)3C02U, IMSO thaa U -^ /H20. (vi) (MaO)2 
P(0)CBC0C3H2x* IHP. (vil) Al(0Pr4)3, toluaaai thaa 
chrcaatograp^.
Sehaaa 19 gaaaaata
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Carbcc h«t«ro «toa «nalogi—
Hila Mslaa eonalata of aoaloguaa of tta* typa (72) or (73) la «hlch 
a blcycllc (3.1.1) boptaaa akalatoo laeorporatoa a bacato atoa alttaar at 
poaltloa 2 (typa 72) or poaltloa 6 (typa 73).
,x  1
—
(72) (73)
Tao dlffaraat aynthacle atrataclaa bara baan daralopad for tba 
praparatloa of aacb typa of blcycUc auelaua. Coapouada of typa (73) 
bara baaa praparad Iqr ualag a cyelobutaaa CaaplaCa Co la tba
appropriata fuactlooallty. Cycllaatloa of tbaaa coapouada tbaa craatad 
tba bleycUc ualt aad aatahllabad tba ataraoctaMdatry of tba aida 
groupa. Coapouada of typa (72) bara baaa praparad by adjuatlag 
fuaetloaal gaoupa oa a cyelobazaaa taaplata prlor to foraatloa of tba 
blcycUe coapound.
Iba flrat of tba typa (72) coapouada «aa praparad by rlag aspaaaloa
99of a proataglaadla, aa abavo la Se baaa 20. Proataglaadla 
aatbyl aatar (116) via raactad wlth trlaatbyl allyl cyaalda to ylold tba 
protactad cyaaobydrla (117). Hydrlda raductloo producad tba aalao 
alcobol (118) vhlcb ylaldad tba rlag azpoadad katoaa (119) oo traataaat 
wlcb alcroua acid. Ibla tbaa provldad tba cyclobaxoaa fraaavork wltb 
proataaold àldacbalaa of tba cortact ralatlra aad abaoluta 
ataraof haal atry. Subaa^uaat fuaetloaal group craaaforaacloo <•»»— «
furolobod tba dlol (122). Tbla «aa cycUaad to tba 9o-lla oaataaa (123)
XOSUÇHMBif (119) O S K C t W ^
(vi)
(1) (013)38101, OI2CI3 , (30S). (11) I.UIH4. (Ill) HNO2, 230,
10 Bln (28S). ( I t ) I u l e  a lu a la a , IHF. ZSfi, Ub. (t ) Jo o m  osld  
than OI2N2, (40X). (t1) H2O2, OH ~ (2t l  ra t io  apo r ldaa ) ,
chroBatogtapblc aaparatloo. (t11) Minor apozlda (121) ,  alualnlun < 
than L-aalactrlda. ( T i l l )  (CP3S02)20 (1 aq), OI2CI2, -78<>
(23S ). ( I z )  UOH, mr-HiO (2t l ) ,  2M>, 3b.
Sehana 20 Raazanta
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la low (20Z) but raproduclhU yialda by raactloo «Itli trlfluoroaattaaaa 
aulpboolc anbydrlda. Oaprotactloa tbaa gava ll-a-carbothx«wboaaaa ^2 
024).
B m  ayntiMala of ttia aulptair aaalogua (Ua) la outUaad la :
21 lUO
(128) (129)
OH
.(CHibCOiMa
THPO'
OTMP
(130) THPO'XX ,(OUbOOiMaOTHP(131)
(OWlOOiMa
(132)
SAC SAc
Scheme 21
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(1) ItaBH«. t M H  tlMn )UC1, t h n  MaCN la HMPA (61X). (11) KOH aq.
(Ill) KI-I2-KHCO3 thn DBU. (MX). (It ) NaBliq, thn
WP/H (t ) NaOH, H2O. 100« (70Z). (t1) K1-12-CHC03 than
e-Bu3SiiU (80S). (t11) BuJaIH than Pfa3P-ai(ca2)3C02Na
than CÌI2N2 (94X). (tIU) FCC tlian NaWq, (7ÜX). (lx) N a a  than 
NaSAc, DNSO, than H2O/H * (30X). (x) Ph381Cl-lt3N thaa
SHP-pTaOil tliaa KP, ilMPA (MX). (xl) CoUlaa oxldatloa ttaaa 
(Ma0)2P(0)-CHaCOCsHu (71X). (xll) Malila. MaOH, 
aapaxatloa. (xlll) AeCl, pyr thaa pyrldlalia toaylata tbaa NaCl. 
(xIt ) MaONa, 33P, 30 ala (9AX). (xr) K0Ì1/H2O.
Schaaa 21 laaxaata
Xba aUal^da (123) m a  ptaparad by Diala Aldar laactloa of aarhyl 
ttaaa-A-oxobutaaoata aad bufad tana. Thla laactloa foxaad ttaa baalc 
cyclotaaxaaa akalatoa and aatabllahad tha c o m e t  ataraoebaalatxy tor tha 
aldasroupa. Ponatloa of tba thlatana bcldga m a  thaa tha rmalnlni 
pxoblaa. Uoaolofatlou of ttaa aldatayda, ttaaa t m  aueoaaalTa 
lodolactoalaatloa atapa m c a  uaad to latrodoea ttaa hydroxyl (roupa la tha 
roqulrad 1.3 xalatlonahlp. CoaTaralon of C-3 hydroxyl to a ttaloacatata 
group and ttaa C-1 hydroxyl to a aaaylata c a m  (133) ntalch naa roadlly 
eycUaad to fora tha bleycUc thlataaa. Daprotactloa thou g a m  ttaa 
thla-throaboxaaa A^ aualogua (13b).
A chiral ayattaaala of ttaa aulphur aaalogua (136) la praaaatad la Sctaaaa 
22.^^^ Aa with praparatloa of ttaa oxycaa aaalogua (124), rlac 
axpaaalaa of a proataglaadla waa uaad to obtain a pyraa fraaawork with 
ttaa appropriata aldachalna. la ttala caaa ttaa proataglaadln darlmtlm 
(137) waa ring aalargod to ylald ttaa kato aatar (139), which waa 
aubaaquantly tranaforaad to tbo anona (143). Mlctaaal addition of 
thloacatata, raductlon and aaaylatloa of tha C-3 l^drinyl proTldad ttaa 
cycllaatlon pracuraor (144) lAlcta ultlaataly ylaldad ttaa chiral product 
(136).
S3
,(OUiCOaM«
(13S) OAc
'COOH
(136) OH
Sdieiiie22
(1) NalH«. (11) FCC. (111) N2CHC00Et, BF30(Bt)2.
(Iv) Nalii^ i MparatloB. (y ) Col 11m  oxldatloa. (vl) NaH, PhSoCl. 
(vll) «202* (^11) aPräa. Pr^Ml, SMP. (Iz) ItaCl. BMSO,
ISÜO. (x) CH3COSH, -7«o. (zl) Za(U4)2. (zll) MaCl. py.
(zlll) IteOMa. (zI t ) oh t i m  H30r^.
ScliM» 22 »Mzontz
Xb* Clrat of tiw sorlM ulUi • 9,11 brldslag aotlorloao group (Typo
10273) la outllna la Sehaao 23. 2,4-Peatsdlaae-l-ol oaa protoctod aa 
a allyl athar aad taaccad «Itli dlchloro kataaa to ylald ttaa cyclobutaaoaa 
(U5).
a. .a
(145) (14«)
; < y s / N OH _tiSL* o.
(147) (14«)
HO
"oB J iL
(149)
COiB
(Vi)
O(130)
OCT
(151)
o
(152)
,CHO
COaEI
OH
Scheme 23
(1) Zn/Cu/AcOH. (11) H MeOU. (Ill) UCO)^«»^, proploalc 
acid, 1420. (iv) NaBll4, -M«. (v) Iig(a4c)2t VdHe than
l2. (vl) MaN«, IMP, lOOO. (vll) Ma0802r, 09, at^ Clz- 
(vlll) (MaO)2P(0)CH2COC3Hu. (lx) ZalH4,Dia, 23«. (x)
BuJa U .  (xl) Ph3p^ai(CH2)3C02lia.
'COOH
Schaaa 23 Kaaaanta
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(l«» P h8-^  (1 6 1 )« « -'
(«i)
OC-
co
a s
(166)
,(CH4«COïlli ..<kV^___^(Ct%CO,M»(xx>-Oudi)
‘COOH
N
"  (»6«) ÔH
Sdteme 24
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(1) 0a04Hial04. (11) Pb3P^aC02St (801 ftam (135)).
(111) Bu^AUi, -700. toluraa (73S). (Iv) (>10)30013 (7 aq), 
plvallc «cid, 1600. u» (92X). (t ) b-CPBA U m u  PhSH. St3N. MaOU.
(vi) H (vil) H2O. S*-. (vlll) BtOCO-N-N-COOBt. PI13P.
HCO2B. (Ix) K2C0 3> ><oOO' Bu^AlH tíMO
Hi^-(a(CH2)300aila t l m  CH2N2. (63Z). (sil) NaCl. Bt3H.
(slll) NaN3. UIPA. 400. 30b. (xlv) H2O. H (xv) Maa.
113« (23X xll— »xv). (xvl) CXCI2. (xvll) IWl. mr. 4QO. 34h.
(xvUl) (»300)20 (30S. xvll— »xvllD. (xlx) NaZOq tbut
(01300)20 tbM Nidi003/H20. (xx) (lteO)2P(0)ai0003Hii.
(xxl) liaU4. BtOH ttaaa cbxoMtogtapby ( lil «piaarle alxtuz«). 
(xxll) UOH. HaOH. 400. 2h,
ffifhMi 24 gaaxant»
.104riiiallj. Scbaaa 25'*'^  ou tUaM tb* ayntbMlx ot tb* raololxoMrlc 
■ulpbus aaalogiM (179). la tbla casa ttaa vlagrl katooa (169) «as 
coavartad to tba dlaatar (176). Ibla tbaa uadaraant aa latsaaolaculas 
Mcbaal addltloa to ylald tba bleycllc dlaatar altb traaa 
Btaraochaalatty. Attacbaaat of tba loaar pxoataaold cbala aad tharaal 
dacarboxylatloa foUowad to flva (178). ahlcb aaa aubaaquaatly coavartad 
to tba aatbjl aatar (179).
5»
0) (HiHv) (vi).(vü)
a»)
OjCPti
(171)
(via)
|0iM*
/K (ix)Xx)
(174)
oSff(xvü) °°*^xvm)Kxjà)
(177) (178)
^COiMa
Sdteme 23
(1) Malli«, NaaH, (90Z). (il) KtOCO.N-N-COOBt, PhjP, FtaCOOH, W ,  
O® (»7X). (111) NalQà-OaO«. (iv) Jooas ozldaclaa.
(v) CH2N2 (70Z). (T l)  K2CO3. MaOH. (vil) Maa, StjN, (87Z 
Iv-v). (vili) HSai2CB(0Et)2. DNSO, 30®, (68Z).
(la) BuJAlH. (s) IHaathyl ■elooate/pyrrolldlna acatata cat, 
(87Z). (zl) H * H2O. (zll) PyrcoUdlaa acatata, C ^ ,  23® 
(36Z). (sili) Buj PoCHCOCjHU' (>!▼) NaW«. (zv) UP/H 
(zvl) NaOH. H2<>* (>*il) qulaollaa, 160®, 30 alaa (72Z), C82N2.
(zvlll) luiàlM. (zlz) Ph3P-Oi(GH2)3COONa. (az) CH2N2.
(zzi) H2O, H than aaparatloa.
Schaaa 23 Baaaanta
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H»t«to«t<» «naloau—
Ihla M r  las coMlats aalBly of coapounda «liara aulphur raplacM 
althar or both of tlia agiycan atoaa lo tha M c y c U c  fraaavotk. Hoaavar, 
for coaplataaaaa tha racant aynthaaia of throabosaaa Itaolf la alao 
lacludad.
Iha atratagy adoptad for thaaa aynthaaaa «aa priaarllp to coaatxuet 
a ai¥ aaaharad hatarocpelle rlag «Ith tha approprlata fuactloaaltty la 
poaitiea. Foraatloa of tha btcpcllc auelaua «aa thaa coaplatad bgr 
cloaura of althar aa oaataaa or thlataaa brldsa.
Iha apathaala of dlthla throaboaaaa A2 (193) la outUaad la Brhaaa 
26.^^^ Matlqrl ♦ >4**dlaathoay-acatoacatata (180) «aa raactad «Ith 
6-chloro-l-lodo-2-haxpaa (181) to gira (182). Subaaquaat coavaraloe'' 
ultlaataly ylaldad tha acatylaale katooa (187) «hlch prorldad tha baslc 
earboa akalatoa. Ihla «aa thaa cycllaad by azpoaura to lydrogaa 
aulphlda, to ylald pradoaloaatly tha traaa dllqrdro thlopyraaooa (188). 
CoBjugata addltloa of aathyl 3-aarcaptopropaooata latroducad tha 
aacaaaary aulphur mirlaophlla for thlatana foraatloa. SalactlTO 
raductloo of tha bato group prorldad a potaatlal laavlag group at 0-3. 
Attacbaaat of tha lo«ar proatoaold chala followad aad aaaylatloa of tha 
C-3 Iqrdroxyl gava (192).
CycUaatloa to tha 2,6-dlthla blcyelo (3tl.l) haptoaa abalatoa aaa 
ochlarad ualag potaaaltai t-butozlda la haraaathylphoaphoraalda (HNPA). 
Flaally. oaporatloa of tha C-15 aplaara aad daprotactloa prorldod dlthla« 
thraoboxaaa A2 (193).
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Scheme 26 '* " 1  OH
(1) MiONi. (11) NdH«. (Ill) BuJaIH. (It ) CHjOOa, Ry.
(t ) NaCN. (Tl) NiOH «q. (t11) CH2N2. (tU I )  eat.
(Iz) PhCOCl, nr. (s ) Naa. KC3N. (zl) Colllaa Ozldatloa.
(zll) OBU. (zlll) U C  CH, HMPA, IMIDA. (zl) (zIt) H28, NaOte. 
(zt) HS(CH2)2C02He, (Prl)2MH, BMP. (zTl) H3O 
(zTll) Bu3P*OiCOC^xi* (*> PT* (zTlll) ‘BuOK. HWA,
aaparaclon.
Sphaea 26 Baazanta
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SehMt 27 Uluatrataa ■anthar aynthaala o f dlthlatlirMbouaa 
Aj (193) irtilch aivlojrad tha latatMdlata aaaylata (192). Ihlopyraaaaa
(194) UDdanMot coojusata additloa, aalooie dla|OacaMat of -n1 Tigin___
dacarbosyUtloo to yloU  tlia dllTdrotUopjrraaoDo (197) aa a c ^ . 
Blztura. Nicitaal addition o f natiiyl 3-narcaptopcopaaoata 
fuxnlabad tha addueta (198) and (199) ahlch a m  ckxowtoctaphlcaUy 
aaparablo. Tha traaa laoaar (199) aaa aubaaquantlj oonvartod to 
■aaylata (192) and tha (198) could ha cacTclod.
(vUvO
rTTjMt
OMa
^(OWacOaMa
Scheme 27
>
( X ^  (192)
06i((>1a)2Bi/
(1 ) (-CH-aKd(0SlNe28uK)C3llii)2CuU. (11) I 
lCM2Cli-CH(Cll2)3C02Me. ( I l l )  McCla. IMFHI2O 
(It ) H8CH2U82V02Ma, Pc^Kt. (t ) NaBIU. (^<^M  
(Til) NaOMa.
Schana 27 taaaanta
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¡0.
( t 1) MaCl. py.
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Thla atratagj for conatructlag tha UeycUe ayataa «aa alao uaad to 
aynthaalaa 9a, llcr-thlath w boaana (203), (Scliaaa 28).^*^^ Iha 
thwboaana darlvatlva (200) m a  uaad aa a atartlac aatarlal. 
thavabx ptovldlag a ppraa fMMwork with tha aldachaiaa ia poaltloa. 
lararaloo ot ataiaochaalatty at C-3 aad Baa/latloa exaatad tha 
appropriata laarlac group. Bydrolyala of tha Mtlqrl acatal and raactloa 
olth aatlijl-d-Barcapto propaaoata iatroduead tha aulphur mtom, aaparatlea 
of th^ appropriata aaoaar aad raactloa wlth baaa gaTa tha aathpl aatar 
(203).
Olla
>  (202) i
C O ^
(CHi)s(X3iMa 
JvU)
C M l
otcm
,(Ol2)iCOiMa 
(vffi)
OH
Olla
\ I to).(x).
^  OSUCHM^ (205) OH
'coglia
Scfacow 28
(1) PhCOCl, py. (11) EtqcNtK02Bt, » 3^ , HC008.
(Ili) NaHCOa, HaOii. (Iv) MaCl, KtjN. (y) H3O (yl) 
SU(CH2)2C02Ma. BF30(8t)2. (yll) MaCNa. aaparatloa. (yill) 
‘■0(013)28101, py. (la) NaN (IMS)2, HHPA. (z) Bu^ lff.
Schaai 28 taaaaata


Not« tccootly, furthat «ysthatle «ppioacbaa to tha ajrathaals of 
a aulpltur aaaloguaa bava baan publtahad bjr Suttaarland at
u o ,m
ablcta aaxa
ScbMM 30 outUnaa tao diffaraat atiataglaa adoptad. 
■ad on tba fuactlonallaad dlhydtothlopyraa (221).
I art) COCOiBiß 0)
COiB
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(X)lH
( i ^ (221) \« 0*)
..'"Vc o ^
8 ^  ’CHO
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u
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(228)
CtHii
0x).(x)
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(224)
/CiHii
(227) Y
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(1) r^SiOi nfluz 20h. (11) ItOH, HbOH. (Ul) , 130».
(Iv) UPrjM, UaranaCsUix. (v) M-Chloc« mieelalald«.
(vl) MUIÍ4. (vll) UOH. (vUl) JooM ozltUUaa. (lx) l u ^ .  
-76». (z) n>3PCil(aÍ2)3C02lto.
(zl) (CHjO)2V(0) — Q ^ s H x i *  U » u ^ 1Mr.
9ch— ■ 30 R— zzntz
Attteinat of Cho lo«or prootaaold ctein aad loetoaloatloz yloldod 
(223). HoiMTor, doearbozylatloa roaultod In InoMrlantlon to tlio 
f.riaoaturstod kotooao (226). It ptovod to bo lapooolblo to xocoovort 
tbooo to tbo 0,6-00000 toqulrod.
■oductloo of tbo dUqrdrotUonrron (221) yloldod tbo cla oldo^rdo 
(223) wtilcli «oa aubaoquaatly laetoolaad to pcovldo (226). Protoctloo of 
too aldabyoo, attacaaaat of tlio top alda chain and auboaquant ozldatlOQ 
COTO tba d o  kotooa (227). Thla coopound peonad to bo aztzooaly 
difficult to oploorlao to tho nacaaaacy trana atacaochaolatcy.
Moroonor, attacboant of tha looor aldo chain to tha aldohydo (226) 
pconldad tho iactono (226), nUcta upon txaataant with boon laoadlatoly 
roaultod In laooarlaatlcn to tho - unaaturatad kotooa (226).
bio to tha attoodant dlfflcultloa of laoaarlaatlcn daocrlbad abono
and tha undoalcablo biological actlnlty of thoao analoguoa, toportod by 
103.106Hananata * tbaaa aynthotlc appcoachaa imto dlacootlnuad.
Finally, tho Intcoductloo la coocludad by a daacdptlon of tha
auporlatlno aynthaala of thcoabozana A,^ (13) Itaolf fcoa thcoabozana
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62 (16). Howanoc, prior to thla fina aynthatle achlanaaant Still 
at al taezlod tha tricky prohlan of aocurlng tho labUo 
2,6-dlozablcyclo(3,l,l) baptana fraawoork. Ihla naa carrlod out by
nodal atudloa la tba praparatloa of tho ozotaaa (229), Schana 31,113
*nBu
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lAfonatakj rMctloa oi alámttjú» (230) with «tlqrl trlbrcMacatat« (231) 
yUia»d tila dlbnao Mt«r (232). Xhia « u  cjellMd to tb* dlbroM 
haalaeatal (233) bgr l^drobontloo aad vorfc up wlth Iqrdzoiaa pansida. 
Iba kay cyellaatloo to tba bieycUe osataaa « u  aceoapUataad bp a 
■»^t***< Mltauaobo naetloo. riaally, ndleal dabnalaatloa pnvldad 
tba uaaubatltutad ontaaa (229).
oa
(231) (230)
(ü)
032)
3 5 ^
(233)
Sdmne 31
..O
JirL
(i) Za
(11) IhBH2, H2O2. (111) Kt02CN*NC02Bt, (MaO )«P.
(Iv) 803808.
Schaaa 31 Baaaanta
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8ppllc«tloa of thla synthotic otratocy to thtoabouno 82 Mthyl 
•■tor (233) t«ault«d In tiM broao owt«n> (236). HonaTor, radical 
dabronlaatlon of tba oratana lad to an uanantad cycUaatlon raaetlon to 
ylald (237).
HO
OH
(235)
,(O^)lC0iMa
OH (236)
(237) OH
la ordar to clrcunvant thla problaa tha proatanold aidacliaina warn 
eoafomatlonally raatrlctad by fomatioo of ttaa 1,13-nacrolactoaa (238) 
(Schana 32). Ihla «aa dabydratad to tha slycal (239) and lanadiataly 
eonrartad to tha broaolTdrln (260). Tha kay cycUaatlon to tha 
dlonableyclo (3.1.1) ayatan waa achloTad ualng tha Mltaunobo nathodology 
prarloualy daralopad. Ihla gara low (202) but raproduclbla ylalda of 
tha oxatana (261). ladlcal dabroalnatloo gaTa tha nacrolactona (262) 
and aaponlflcatloo with aodlun iqrdroxlda or potaaalun t-butozlda gara a 
conpound with biological activity Idantlcal to natural thronboxana 62.
Still connanta that although thla aynthaala corroboratad tha 
original atructural propoaltlon nada by Sanualaon, It waa not abaolutaly
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cooelualv*. It « u  notad that tha caaulta «ata alao coapatlbla «ith In 
YlTO coQTaraloo of (15), parhapa bp addition of a biological auclaophila 
at 0-11 to a darivativa niiich is tha aadogaaaoua IXA^.
OH) ,
J 2L ^
JvJL m
CO|H
Scheme 32
(i) PyrSCOa, Kt3N, Xt20/CH2a20^. (ii) PhCHa, UOOC,
13 hca, (ill) l-chloco-l-aatlqrlpyrldiniun lodlda, Bt3N. (It ) MBS, 
Xt20, H2O. (t ) (MaO) jP, DIAD. (t1) Polyaac bound tin 
hydrida. (t11) MaOH, MaOH or IHP, KOBu^.
Sehana 32 Baaaanta
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Wtaaca it h u  ba«ii datazalnad, tba bloloslcal aetlvltr of ttaoao 
gteyctursl fMl ftyiaa oppooTo to bo vory potoAt* Moot coopouado poioooo 
ortorlal cootroctllo activity and othora oloo bava plotolot ocgxotatozy 
oetlTlty. Uofortuaataly, for cardlovoaculox ttaorapy thoao agoolatlc 
proportloa oro uadoalrabla.
Xho lahoroat loatabUlty of TXA2 rooulta froa a IqrdzolytlcaUy 
labllo fuaetiosallty coaatrolaod vltlila a blcyelie oueloua. Ibat la, 
ttao rollof of atorlc atraía auat facilitata the aoraol aachanlaa of
i^drolyala, la ttaia cooo forala« tba osoalaa loa (244), SchMa 33.
IT
Sefaeme 33
Ttao provloua atructural oaologiioa of 1X42 taavo oou«bt to 
lacorporato a aoro atabla blcycUc ualt by raploeaatat of olttaor oaa or 
botta of tha ozygoa atow. Hooovor, It la ar«uabla ttaat a 10-fluoro 
TTA^ (246) alao ba atablo. Itala aould bo a rooolt of
ttao oloctroaosatlrlty of fluorlao daatabUlaia« ttao lotoraadlata osaolua 
loa (244).
X-F.Fj
(246)
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2.1 Introduction
Por tlM coaaono outUnod In Mctlon 1.3 (pano 4o) tiio aln of thin 
projact una to acUavo a cUral aynttaaala of a 10-fluoco aubatitutad 
throabosana A2 (D~(3).
(1) Xaaflnaro
(2) fluoro
(3) X-diflnoro
Analpala of tnia ayntbatlc cnallanga Idantlflad four aajor 
problMB. Iha firat of tbaaa m a  tiia cbolca of an appropriata cblral 
atartlnn natarlal nUch «ould load to tha corract abaoluta
ataraocnanlatry of tba IXA.. darlvatlm. Iba aacood conaldaratlon «aa
tba attaebaant of tba two proatanold aldacbalna with tba raqulrad trana 
ataraochaalatry. Tba third point wan ttaa Introduction of tba fluorlna 
aubatltuant with, la tha caaa of (1) and (2), tba corract ralatlwa 
ataraocbaalatry. Finally and potaatlally ttaa aoat difficult burdla waa 
tba attalnaaat of tba aanaltlva onatana ring In taraa of Ita 
ataraochaalatry and ttaa tlalas of Ita Introduction. ilaTlan Idaatlflad 
thaaa Individual problaaa a ayntbatlc atratagy bad to bo davlaod In which 
all of than m r a  takan Into account, alnca tbay oacb laplngad to a 
graatar or laaaor ontant on ona anotnar.
Taking tba 10-adarlvatlva (1) aa tba ayntbotlc targat, tba ratro- 
ayntbatlc plan which waa Initially concolvad la outUnad la ijcnana 1.
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Ilia «jnthMla la baaad on tha uaa of tha 1,6-anlqrdco augar lavoglueoaaa
( 10) . Ita cMral block baa pcaTloualy baa
daaoaatratad not only In tha aynthaala of tbzonbosaaaa'1.2 but
tha pcapazatlon of looopiiocaa, avazeeetlae and nacxollda
antlbiotlea to a fa
LaTO(lueoaaa (10) caadlly coovartad to tha apoxytoaylata (9)
by pxoeaduxaa outUnad by Cac^ at al. Convaralon of thla to tha
allyl toaylata (8) naa daacribad by Rally aad Robarta'*' in an alatant
aynthaaia of tha thwboaana B, intaxnadlata (11). Xha
atacaoapaciflc Intioduetlon of tha allyl group by claavaga of tha apozlda 
(9) aolvad tha ataraochaaleal raqulraaanta for attaching tha proataaold
aldachalna. Iha utility of thla reaction naa alao daaonatratad by Ita
2uaa la tha chiral ayathaala of rhint-hrMiv«»..!«
u
T«0*
(11) (9)
Kally and kobarta propoaad that tha allyl apozlda (7) naa an 
Intaxaadlata In tha llthlua trlathylborohydrlda raductloa oí tha allyl 
toaylata (8) to tha alcohol (12). Ihla alcohol aaa than coanartad to 
tha blcycUc lactona (11) by toaylation and ozldatlna lactonlaatloo, 
Schaaa 2.
It aaa antlclpatad that praparatlon and laolatlon of tha apozlda (7) 
wouU allow Introductlon of fluorina by apozlda claanaga. Dua to tha 
rlgldlty of tha pyran ring In 1 ,6-anhydro augara and tha knonn
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OH
TiOv
(8)
OH
(12)
Sdwiiie2
SJ
(II) (13)
■t«r«oeh*alc«l raqulraMnt« of opozldo clooTac» tho ttono 
2-fluorolijdrla (8) « u  tbo upactod product.
OH
(«)
Tilla thoD would solva tha problaa oí roclo and atarooapaelflc 
latroductlOQ of fluorina.
Iba problaa of cooatructlnc tba dloza blcyeloQ.l.^haptaaa ualt 
tban raaalnad. Froa an Inapactloo of aodala and prarloua apnthaaaa of 
tbroaboxana A2 analoguaa * tba folloolnf ralatloaablpa bataaaa
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iBtanal nuclaophll« and laavlng s*o*>p ara raqulrad for 
fonatlon. Blthar an äquatorial laarias group at C-1 and an 
nuclaopiilla at C-3 (14), or aa äquatorial laarlag group at C-3 aad aa 
axial auclaoptilla at C-1 (13) «ould ylald oxataaaa oi tha eormct 
ataraoehaalatry.
Ikirlag tiM original planaiag of tha aynthaala tha ooly kaoua 2,6- 
dloxablcyclo (3.1.1) haptaaaa «ara tha gluco aad aaaao pyraaoaa 
darlratlraa (16) aad (17) that had baaa praparad by Schaureh.^’^ ^
PhCHyO- PhCNg
( 1«
O O I ^  
ÖCHgPh
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IbaM had feaan prapazad bj zaactloe of tha corraapoodiat glpeoapl 
chlorldaa (18) and (19) vltli baaa. Kara a coafotBotloaal ebaaaa zaaulta 
la tba ballda too balat dlaplacad bp an aztallp oriaatatad alboalda at 
C-3 to font ttaa oaataaa.
a
PhCHaO-
OCHgPh
a  OCHpPti 
OCHpPh
0 «) (19)
It waa propoaad bp Scbautch that ttaa unuaual atablUtp of ttaa atralaad 
apataa aaa dua to ttaa alactronaiatlyltp of ttaa oapgaa aubatltuaat at C-2 
In tba cazbohpdrata aolaeuU. Xhia ttaarafora addad fucttaar csadaaea to 
tha arguaant for atabillalas ttaa blcpclic oaataaa with a fluorlaa 
aubatituant.
Itaa abova axaaplaa bava aa oratana brldsa with a S-eoaflguratloa 
ralatlva to ttaa ppran rlns laataad of ttaa o-coaflguratloa praaaat la 
ttaroaboraaa Aj. Howavar, ualnt thla cpcUaatlon aa a pracadaat It waa 
bopad that ttaa slpcoapl ctalorlda (20) would bo avallahla bp elaavafa of 
ttaa 1,6-antapdro brld«a with tltanlua tatractalorlda. Itaa xaqulrad 1,3 
ralatloaatalp botwoan ttaa nuclooptalla and laavlas group could ttaaa bo 
craatad bp Invartlng ttaa ataraoetaaalatrp of ttaa hpdrospl group at C-3 to 
glva (3). Thla ahould ba poaalhla bp uaa of aa adaptad Mltaunobo
I*raactlOQ.
CpcUaatloa and ataadard ttaroaboxana/proataglandla protocol ataould 
than allow coaplotlon of ttaa apnttaoala.
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OH
A .
(20) (5)
,OP
Howmr, Juat prlor to tha atart of thla pcojaet a furthar syathasla 
ot a bleycllc(3.1»l)o»atana «aa publlahad. Prlad at al^^ ayathaalaad 
tlM aaoaarle trlflataa (21) and (22).
QTf
(22)
Iba 3-0 aaoaar «Itli aa axlal trlflata (21) epcUaad uadar baale 
coodltloaa to gira tlia bleycUc or»tana (23). Hoaovar, ttaa 3-B annaar 
(22) uadar tha aaaa coodltloaa fcagaaatad to plaid tiM difluoro olafla 
foraata (24).
T O
o  (24)
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àM «Ith coepounda (16) and (17) tha conpouad (23) alao bad tha 
'Incorsact* or 8-eoaflguzatloa of tba pantana brtdsa» la oadar to 
produca a aodal conpound «tth tba corraec acaraochaalatry ralatlua to 
throaboaaaa Aj. tha hanlaratal alth aa azlal hjdzoayl at C-3 (23) aaa 
eoBvartad to tha C-1 naaylata (26) and cycUaad to plaid tha blcycllc 
oatatana (27).
: 3 0 0  :iX )
(27)
friad arguad that tha risid rlac atructura of trlflata (22) had allowad 
tha frappantatlon procaaa to occur aora aaally. Io prova thla 
hypothaala ha praparad tha 38-«aaylata (26), ahlch cycUaad aaoothly to 
plaid tha blcpcllc(3.1.l)o»atana (29).
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KlMtlc studi«« OB th« bydtolysls of (29) t«v««l«d a 10^ fold 
doer«««« la r«t« tolotlT« to a«tur«l tbzoabosaa« Aji «lallorly « 10^ 
fold docta««« la rat« lalstlt« to aozasl uastxalasd ■ « u  aotad.
XhU eoaflzaad that fluorla« would ladaad «tablUa« th« dlos«(3.1.l) 
baptaa« stzuetux«.
Ihls tfaarafor« provldad furthar pracadaat for tha praparatloa of 
«trainali hlepcUc oaataaaa. Moraovar, It would allow aor« flazlhllltp 
to ba bullt lato tha ayathatlc stratagp.
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2>2
to 10-a-fluoro tlira«bo¥«n» A^.
Illa eoapound laToglueoMa (10) la a coofoxwitlaaally rl^ld »«lafMW 
aml la lockad In a coofonatloa «Itli a U  ti» bjrdxosyl tsaupa 
azlally orlaatatad. tataaalva lavaatlgatlona bp Caray at a l ^  bava 
ravaalad tbat tha traaa dlazlal arzaafaaaat oí tba hydrazyl sroupa 
couplad alth tha atarle aad alaetroatatlc affacta of tha l,6-aal9 dro 
brldaa lapart a larga dagraa of aalactlvlty la tha raactlooa of 
lavoglucoaaa (10).
Thla «aa laaadlataly obrloua froa tha aalaetlylty obaarvad la tha 
praparatloa of tha fuactlooallaad darlratlraa (30) aad (9){ thla alao 
aarvaa to aaphaalaa tha utlUty of lavoglucoaaa for tha ayathaala of 
othar chlral coapouada.
«8
19Uslac procaduTM outUnad bjr Carlson, tba Iqrdrozyl groups «sr 
Initially düfaraatiatsd by a aalactlva dlaatarlfleatlon to producá
dltooylata (30). Ihla raactlon la
ualarourabla atarle lataractlo bata
to occur
tho 3-azlal hydroxyl group and
ttaa 1,6-aabydro brldga. laactloo of tho dltoaylata (30) «Itb than
produced tha 3,4-apoxytoaylata (9) azcluslvaly. This
ragloaslactlva Intamal dlaplicanant la conaldarad to bo to
unfavourabla oloctrostatlc Interaction batwsan tho alkozido at C-3
tha oxygon of tha anhydro brldga, hlndarlng at tousrds C-2.
Xha 3,4-opoxytosylsta than elaoTod In a ragl»>
atarooaalaetlva raactlon to ylald tha allyl tooylata (8), reportad
proTloualy by Kally and Sobarte, 
allyl toaylata (8) with
antlclpatad, reaction of tha
alionad further Intamal dlsplaeanent 
yielding tha allyl epoxide (7) as a colourless oil In 80X ylold.
Tha expected staraochaalstry nas conflmad by high raaolutloa ^
nar spectroscopy with axtanslva decoupling exparlaeata. Iha data
2obtained are praaantad In Table 1, together with Utaratum data 
other selected 1,6-2,3-dlanhydro aannopyranosa darlTstlvaa.
.20
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Imhl> 1
»tmm
K - (7)
R - GH (31)
R - GAc (32)
R - H (33)
«¡acal Shlfta (pfa)
H-1 tt-2 H-3 H-4 H-3
(7) 3.64 3.34 2.9 2.01 4.23
(31) 3.69 3.43 3.14 3.91 4.42
(32) 3.72 3.47 3.13 4.96 4.41
(33) 3,68 3.36 3.13 1.98 (^,2.22) 4.43
^  Coupllac Conatut« OU)
h,2 ''2 ,3 '^ 3,4 ^.3
(7) 3.2 3.9 - -
(31) 3.1 3.8 0.8 1.2
(32) 3.2 3.8 0.7 1.1
(33) 3.1 3.9 0.8 1.0
A eeapATlaoB
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that tha coupUnc eoastaata J, , aad J.A** 'a,3
alaoat Idaatlcal to tha kaoim darlvatlvaa (31) (32) (33). Slallarly
tha •* 
(33).
rhaalcal ahlfta coapaxa favoutahly «1th tha 4-danqr darlvatl«
Uavlai obtalaad tha apmlda (7), tha ataga raqulrad Ita
aciaaloa with fluorida to pcoduea tha daalzad 2-21uorolqrdxlii (6).
a u m y  of tha Utaratura iallcatad that a of fluorocaxbohydntaa
had pnvloualy baaa ayathaalaad by thla typa of caactloa ualas althar
potaaaiiai fluorida la aoltaa acataalda or potaaaluB hydrogaafluorlda la
21atl^laaa glyeol, tha lattar raactloa had alao baaa appUad to aararal 
1,6-aahydro pyraaoaldaa. Moraovar, potaaalua hydrogaa fluorlda/athylaaa
Clycol bubblad earbOB diozlda
aahydro-2-fluoro>2-daoay glucopyraaoalda (33)
to produea 
tha22
1,6-2,3-dlaahydro aaaaopyraaoalda (34), a particularly —  
aaalogy.
(34) (35)
Uouavar, a raport of apoxlda claaTaga «1th tatra a-butyl aaaoaluB
23fluorida la acatoaltrlla lad to tha ballaf that alldar raactloa 
condltloaa alght ba poaalbla. Slallarly, alaca both caoalua fluorida 
aad potaaalua fluorlda/crovn athar coaplaaaa bad baaa uaad to dlaplaca 
aulphoaata * aatar groupa It was thought that thay alght alao ba
used for apozldo claavaga.
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la«etlaa of tha «poslda (7) «Itta aar ot thaa* raagaata multad ta 
Bo cbaaga avaa aftar a ptolcagad raaetlaa tlaa» Uaa of tha l<awla acid 
alualaiuB chloclda to aaaiat apoaido opaaiagt taaultad la a claaa 
caaetloa s^vlag a aoxa polar product. Spactral aaalpala iheaad chaa^aa 
la tha ^  chaalcal ahlft of both H-2 aad h-3 aad arldaaeo of a Iqrdrosyl
fuaetloa thazafora ladleatlac that tha apozlda had baaa opaaad.
13 13 19Bouarar, C aar ahoaad ao C- F coupllag provlag that fluorlaa 
aubatltutloa had aot occuriad. Coaaaquaatlp, tha chlorohpdrla atnictura 
(36) aaa taatatlaaly aaalfaad. Ihla couU aot aaallp ba cooflzaad 
bacaiaa thara uaa ao aol acular loa la tha aaaa apactrua.
(36)
Ualas alualalua trlfluorlda aa a Itala acid uafortuaataly had ao
affact, aad boroa trlfluorlda atharata producad a plathora of coapounda.
26Kporida claavapa haa alto baaa achlauad bp l^rogaa fluorlda aad
27aora racaatlp ulth hpdrosaa fluorlda/pprldlaa eoaplaz. Olah at al 
daaonatratad that a aarlaa of allphatlc aporldaa, for Inatanca (37), 
could ba claauad to ganarata tba appropriata fluorohjdrlat, ag (36) la 
raapactabla plalda ualng thla raagaat.
HF/pyridiiie
a v a .
(37) (38)
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Iba hydtogaa fluorlda/pyrldia« coapla» !• alao « potaat Iqrdzofluorinatlac 
26agaat aad raaetloe »Ith apoxida (7) la thought to ha»a caaultad la 
fluorlaattoa of tha allpUe aidochala aa «all as apoxUa clsaaaga to 
plaid tha fluorohjdrla (39).
Oaca again thla atmctural asalgasaat Is lathar taatatlva. ^  nar 
ladlcstad changas la tha chaalcil shift of H-2 aad H-3 calatlTS to tha 
apoxida (7). Moxa slgalflcaatly howsvar, It dlsplapad t«o MghftaiH 
douhlats (Ì2.23, <2.3) sapacatod by 24Hs »hlch Is ladlcatlaa of a aathyl 
group «Ith aa o-fluoro substltuaat.
Uavlag axhaustad Uksly altamatlvaa. tha raaetloa «Ith potasalia 
hydcogaa fluorlda «aa tha naxt logical stap. Prallalaaxy axparlaaats 
basad on Cacny^ pcocaduraa^^ gaya saall ylalds of tha caglolaoaarlc 
fluocolqFdrlns (6) and (40). furthac axparlaantatloo sho«ad that tha 
bubhlad carbon dioxide «as uanacassary, but that rigorously anhydrous 
conditions vara raqulrad for optlaua ylalda. Ultlastaly raactlon of 
epoxlda (7) In rafluxlng athylana glycol alth a 111 «/« potasslua 
hydrogen fluorlda/potasslia fluorlda alxtura for t«o hours produced the 
2-fluorobydrln (6) as tha aajor Isoaar (432) and tha 3-fluorohydrln (40) 
aa tha nlnor Isoaar (13Z). Iracas of starting aatarlal «ara alaays
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prsMot, mlong «Ith aoz« polu aatarlala, «Uch «an uaiaad to ha
22atlqrlaaa slyeol alducts alao aotad by Caxny •
It «aa first proposad by MUls^^ that tha FUrst-riattaar rula for 
tha claayas« of starold apozldas^ alfht ba appllcabla to 
carbolqrdratasi Xhls rula pradlets that aporldaa opan to slra 
pradoalaaatly dlazlal laoaara. Thasa asparlaaatal obaarratlons ara acm
«all astahllahad and aschaalstleally rational laad by staraoalactroolc 
30thaory.
Iha nacasslty for a coUaaar allgnaant bot«aaa a miclaophlla and a 
laavlag group ln an S||2 tjrpa raaetlon aaans that opanlng of an apozlda 
by a nuclaophlla producaa a product of daflnad staraochaalstry, Schöna 3>
Scbeme 3
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for tlM T M a o M  outUaad «bova, «pozld« aclsaloa of aoat dlaab^dro 
hozopyraaoaldaa givoa alaoot oaeluolToly dlorlol pradueta. Clay notad 
a 13il ratio of fluoroiqrdrlaa (33) and (46) tiam ttaa raaetlon of aposlda 
(34) .
Hoaavar, althoucb ailyl apoxlda (7) savo a prapondaraaea of tha 
2-fluorolqrdrln (6) tha quantity of 3-fluozoiqrdrla (46) aaa not 
Inalgalfleant. In this a 4il ratio of fluorolqrdrlaa aaa notad.
Noa-aalactlaa product dlatrlbutlona haaa also baan notad la tha 
auelaopOlUe apozlda opaalnt of tba daozy dlaahydro aucara (47) and
(49) 31 Ilia lack of aubatltutloo at C-2 or C-4 la
raaulta la strlcal charga distribution within tha nolacula.
Ihla than alloaa polar offsets to colata with tha atarlc and
atinas rasulta la apoxlds elaavaga at tha St alactroa daflclaat
carbon ato la tha aarlas of daozy augara prasaatad la Schans 3, using
hydrozldSi hydrlda lodlda as auclaophllas. Caray32 abona that
whan polar starle offsets ara syaorglatlc, eg (4Ö) (30),
pura products ara obtalaad. Howorar, thoy ara aatagonlstlc, ag
(47) (49) a alzturo of raglolsonsra oftaa rasuits.
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Ib* InctMMd proportion of 3-fluorol9drin (40) in this Inataaeo 
— ^  o of n uBopnMtrlcnl choreo dlotrlbiition 
within tho aLlyl opozldo (7).
(47)
M ar (Urectioa 
S toic diitctioa
SdieaieS
(48) (49) (»)
Initially tho ■taraoehaalcal couroo of this raactloo had baan 
aasuBod on tho basis of tha praviously dlseussad noehaalatic 
eonaldarations. itowawar, analysis of apoetra, tabla 2, quickly 
astabliahad both tha prasanca of fluorina and tha eonatitutlon of tho two 
laonars. Iba broad »>»"«« daeouplad spoctra conaiotad of nora linas than 
could ba accounted for on tbs basis of carbon atona alone. Ibla was 
obviously dua to couplln« batwaan carbon and fluorina producís« a serias 
of doublets in tha spactrun and tharafore provided avidanca for tha 
successful Introduction of fluorine. Subsequent aasignnaat of fhanlfs l 
shifts and the calculation of couplin« conntanta provided tha avidanca 
for the position of subatltutlon. This was obvious free tha spread of 
tha coupling constanU. Fluorine attached to C-3 was coupled to all the 
carbon atona in tha pyran rins, C-1 to C-3, wfaareaa fluorine attached to 
C-2 wan coupled only to C-1, C-2 and C-3.
Tabi« 2
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13„ Shift«, ppa C^c-^^r coupllag eonataata, h>)
0-1 C-2 C-3 C-4 0-3
(6) 99.3 89.3 69.8 43.2 74.6
(27) (183) (26)
(40) 102 71.8 92.8 43.4 64.3
(10.8) (Itt) (183.8) (16.3) (6.8)
67.9
Ita« «taraocbaalatry of th««« laoaara m «  than datazalaad fcoa th« 
hich fiald ^  aar data praaaatad la labia 3. Also praaaatad la Xabla 
3 ara tha partloaat nar pazaaatara of tha l,b-aatqrdro-2-fliioro 
glucopyraaoaldoa (31) aad (S2) aad tha l,6-aol9dxo-3-fluora altropyranoaa 
(33).^^'^ Cany bad aada ataranchaalcal aaalcaaaata oo tha basis 
of tha coupling constants Jj ^ aad ^ la 9Us sad 4.3Hs for coapouad 
(33). Ihasa valuos ora typical of a dlaalal and an axlal-aquatorlal 
orlsntatlon raspactlTnly, aad coapara favourably with those obsarvad for 
tha 3-fluorohydrla (40). For tha 2-fluoro darlvatlvas the coupllag 
constants era althar saall 1.3hs (32) or uarasolvad (31). This ass 
taksn as bolag indlcatlva of an equatorial cmdClguratlon for h-2, H-3 aad 
H-4. Analysis of tha coupling constants corroborates tala
avldsaca, tbs data for ccapounda (6) and (40) coaparlng favourably «1th 
the ralavaat Utaratura data la Table 3.
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I*hl« 3
>0CH2PIi
PhCHgO (53)
^  CoupUa«
■*1.2 •*2,3 •*3,4 •*4,5
(6) 1.5 - —
(51) - - 1.4 1.4
(52) 2.5 1.5 1.5 2.5
(40) 1.8 8.1 6.45 -
(53) 1.5 9 4.5
Coupling Coaataata 
•^H-l.P
Ha.
•*H-2,P ■*H-3,P •*H-4,P •*H-5,:
(6) 1.5 46 17 •
(51) 4.9 45 - -
(52) 1.0 43 15 “
(40) 6.9 14.6 52.2 5.8
(53) 6.5 13.0 48.8 -
Ihay imxm also la agraaMat «ttli Utatatura data far othar fluoro 
34haxopyraaoaa darivatlraa. Iha Tlclaal coupUas eooataata Jg_3 ^p_2 
- 17Ha la coapouad (6) aad Jg_2,p_3 * W*®«* eomfwud (40) ara 
typieal of aa axlal—a^uatorlal orlaatatloa of a hjdropaa aad fluorlaa 
atoa. Tha loa« ranga *J, «>u_i^ p_3 '*H-5,P-3 coaataata
far «-»T«..«! (40) ara alaa ladlcatlra af a 1,3 dla^uacarlal ralatloaahlp 
bataaan fluarlaa and tha H-1 and H-S hpdrasaa atoM.
OAC
OAC OAc
(54) (55)
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Th* 3-fluoro glucopyraaoM (M) dlspl«yad • 4.0H> coupUnt batwMa
fluoria* «ad H-1, alallarly U m  zylonrxaao«« (53) «hoa«d • 4.2
33 4Hs coiipllag bataaaa fluorla« «ad H-3. Tba J coupliag coa«t«at» 
obtaiaad for coapcuad (40) axa aoaaabat hlsbar, naaaly 6.9 Ha and 3.8 Ha. 
aad auat ba dua to tba coofoxaatlooal rigldlty of tba 1 ,6-aabydtopyraaoaa 
fraaaaoxk.
At a latar data tba prapaxatioc of a a«« fluorlaatlag xaagaat,
36tatxaphaayl-pboapboaluB hjdxogaa dlfluoxida (36) naa xapoxtad. It 
aaa aatlelpatad tbat tbia algbt bava pxoxidad a aildax aad aoxa «fflclaat 
■atbod of apozld« opaalaf. HoaaTax, xaaetloe «itb tba apozld« (7) la 
acatoaltxU« at xooa taapaxatuxa gava ao xaactloa. Uafoxtuaataly. a 
aoxa axtanalTO taraatigatloo lato tba potaatlal of tbla xaagant aaa aaTtx 
carxlad out.
PbdPHF^ (56)
Havlag aueoaaafuUy latxoducad tba fluoxlaa la tba coxxact poaltloa 
and baxlag aatabllabad Ita ataxaocbnlatxy, tba xaaalalag aajor «yatbatlc 
cballnga aaa tba foxaatloa of tba oxatana brldga. la oxdax to kaap aa 
aaay optloaa aa poaalbla opaa fox tbla atap, It aaa dacldad to lavaxt tba 
ataxaocbaalatxy at C-3. Tbla aould tbaa alloa tba option of placlag 
laavlag groupa «t C-1 aa la (37). Slallaxly fuxtbax aaalpulatlon of tba 
2-fluoxobydxln (6) aould alloa plaeaaaat of laaalag groupa at C-3 «a la
( 58) .
OH LG
LG* 'Ri (58)
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iM ttd of ualag tlio propoaod Mltauaobo aotbodoloBr for 
■torooelMBleol lanoroioa of tbo C-3 hydroxyl group, it u m  docldod to 
utlllao ooM prorlouoly oatahllahod choalatry. la tho ayathosla of tho 
throaboxaao lator— dlito (1 1) froa loTotlueooaa, Kally aad 
Robarta^ achlavad tha lavaraloa at C-3 la tha foUoalag aaaaar. Tha 
alcohol (12) uaa toaylatad, thaa ozldatlva elaaraga of tha allyl 
aldachala with ruthaalua tatroxlda gaaaratad la altu ylaldad a carboxyl 
fuactloa which thaa lactonlaad uadar tba raactloa coadltloaa to glwa tha 
cryatalllaa Y~lactoaa (11) la 90S ylald.
Siaca thaaa raactloas wara ralatlvaly alapla. It waa hopad that tha 
2-fluorolactoaa (S9) would ha avallahla by tha aaaa pathway.
(»)
loaylatloa of tho C-3 axial alcohol (12) had raqulrad a proloagad 
roactloa tlaa (40 houra) la ordor to ovarcoaa tha atarlc hladaraaca 
raaultlag froa latoractloa with tha 1 ,6-aal^co brldga. Iha 
fluorohydrla (6) oowavor roqulrod aot ooly a proloagad roactloa tlaa but 
aa alovatad taaparatura aad uaa of a auclaophlUc catalyat (Dlaothylaaloo 
pyrldlao) to ylald tha toaylato (6U). Qxldatloa of this toaylata (00) 
with ruthaalua totroxlda than gawa oaa aajor coapouad. Iha n r  apoctrua
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showed ttast this hsd lost ths sllyl function but still sslstslnsd ths 
tosyl group, sines ths Infrs-rsd spsctcun showed ehsrsctsclstle 
sbsorptlons sssoclstsd with sn sold function, ths stxuctucs (dl) wss 
ssslgnsd.
m (61)
Slnllscly, pxspsrstlon of ths assylsts (62), followed by osldstlon, 
ylsldsd ths corresponding scld (63).
■O'
(62)
It Is sppsrsnt Iron ths sboTs szpsrlnsntsl dstsUs thst them Is s 
slgnlflcsnt dlffsrsncs In rssctlvlty bstnnsn ths slcohol (12), tosylsts 
(13) end thslr fluorlnstsd countsrpsrts (6) end (60). Nsturslly, this 
nust bs duo to ths slsetronle offset of ths fluorine ston. It would 
spposr thst ths síseteos wlthdrswlng cspselty of fluorine Is reducing ths 
nuclsophlUelty of ths C-3 hydroxyl group end consequently ths
fomstlon of ths tosylsts (60) even slower. Morsovsr, It Is siso slowing 
or preventing the subsequent dlsplscsnsnt of Issvlsg groups fron C-3.
SlsUsr chsngss In rssctlvlty for sn dlsplscsnent were noted
37
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■tudlad t M  klaatlca of loalda dlsplaowwet ofby HelM «t «1
broalda In perfloorlnated dlkyl bro«ld«*. A aarkad nduccion la
rae« Mtw»« tba unaubatltutM alkyl oroatdM
o b M m d .  rurtnaiaoxa, kloatle studlM oo bmiyl toaylatM a«»» 
iodleacad tO«t tot raactloos toar* is • auMtaatlol build up o£ 
pooltlva cliariia on tua oatbjrlaa* ^  tMoaltl*» «tata. la tha
llftat of tbia «Yldaoc* It la 
rMct#d siusglsttly or aot ot 
bacauM a fluorloa atoa «111 
laetooa foroatloo.
toat toa fluorlaatad toaylata
abova raactlo Tbla la
tba craaaltloa atata to
cycllaatloa of tha aaaylaCa (62) nad alao oaaa uoauecaaaful It 
raoaooad that uaa of tha aora po««r£ul. trillata loarla« «roup ol«bt
proooto tha raactloa. It tnarafora a plaoaura to that
praporatloa of tha trlfUta (64) follooad by oxldatloo lad to a aooth 
raactloa ylaldlo« tba bl«hly cryatallloa 2-fluorolactooa (59), lo 65X 
ylald. It «oa latar oao«o that roactlon of toa «cid (61) wlth potaaalua 
t—Ijutoxlda ovar a prolooaad tloa parlad alao lad to foroatloa ot tba 
lactooa (59).
(64)
i;a01a a praaants a coapaclaoo of toa ñor paraaatara for both tha 
tricyelic lactona (11) «od tba 2-fluoro aaalo«u« (59). Outalda tha
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By taUog ollcao aerosa tola tuo dlMnslooal «rld, it la poaslbla to 
plot a protoa apactrua whlca corraapooda to aaeli carboo raaoaanca» Figura 
3.
In tha caso of tua fluorolactoaa (S9) fluorina causas spUttlag of
13tha carbón rasonaneas and Figura 4 ahoaa thè C apactrua of C-4 and 
C-7, aacn resonanca oalng a doublot.

lOB
Picur* S aboDB tiw proton apactrua corraapoadlas to aach of thmm*
carbón raaooaacaa. Uta dlffaraacaa In chaalcal ahlft batanan paira of
proton apaetra» for asanpla 1 and 2 or 3 and 4, eorraapond to tha loag
rango fluorina proton coupllng eonatanta» Tbla axparlaant not only
confi»— d cba - coupUng batanan tha tt-7 protona and fluorina butn»r
It alno abonad that tbara la a y  ^coupUng '•U.4Ha anlctt bad not 
beon sean on tbo nomai proton apactrun. Xnla tbarafora Indica tao tbo 
aonaltlvlty of tbla typa of ozparlaant.
H-7o H-7B
H-4
Figura 5
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Hithia tha carbolqrdrat« litaratur* loog raata coupUag
coaataata ara aaU. docuaaatad aad It la aow aall aatahllataad that tlMy
hava a valúa ataaa tte hydrocaa aad fluorlaa aubatituaata ara at
35 42tha taralal of a H-coplaaar coaforaatloa. * lilla, taowaTar, la aot
tha casa wlth . coupUa« coaataata, o< afaicJi oaly a <aa awaaplaa ■»»
haTs basa citad. Aaoat thaaa ara tba coapouada (66) (67) aad
( 68) 35,42,63
OAC
O V O H
(66) (67) (68)
For tbsaa It baa basa obaacasd tbat tba couplad aaclal (dottad
Haas) hava a tr«»« coplaaar talatloaahlp to tba boad «talca la tba 
aldpolat of tha pattamy batvsaa tbaa.^^**^ A study of aolacular
claarlp sbo«s tbat a slallar gsoastrlc arraagaasat doas aot occur 
la tha casa of tba 2-fluotolsctoaa (59).
A wldac saarch of tba lltacatuxa, howavac, baa ravaalad tbat loag 
raasa „ aad avaa - coupllag coaataata ara la fact «all 
docuaaatad. Froa tba aaaaplas citad, thara appaar to ba t«o dlffaraat 
altuatloas «bara tbasa coupHags ara poaslbla. Iba flrst of taaaa la 
•iallar to tba pravlous pyraaoslda ataapiaa «bara coupllag occurs «baa a
44
alta sag patbusjr aalsts batwsaa tba t«o auclal, as fouad la coapouada 
(69) aad (70) for aaaapla.
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H
(70.*Jhii- 2 H z )
Itw Mcoai •ituatloB la abara tiia two couplad nuelal ara vary cloaa 
togathar, aa daplctad (71) and haca a 'through apaea' or dlraet coupUag 
aachanlia la thought to occur.
Oi)
Long raaga coupling of thla tjpa uaa flrat racordad^^ In coapw m d (72) 
ahara a ^J„ _ *>^ 1.6iU aaa obaorrad bataaaa tha aaucha fluorlaa and■f*
tha protoaa at poaltlooa 2 and 6 In tha phaayl ring.
Br
CgHg
C72)
U 1
stallar loa« ranga coupliaga «ara than notad la 6-6-fluorootarolda^ ag 
(73) and bara alnca baaa obaarvad la a larga «»bar o< othaxa,^^ altb 
coupling conatanta ranging frca l.Oila to 5.3Ha.
16
(73)
AQ
Studlaa oa a aarlaa of alkylfluoroboaaanaa ag (74) ahowad tbat
tba aagniriKla of tba _ rotipling conatant ana dapandant oa tba n»r
Intamuclaar dlataaca. Corralatloo of tbia arldanca «Itb tba data
49pravloualy obtalnad for a aarlaa of 6-S-fluocoatacolda tbat
caca tba dlataaca batanan tba aatbyl carbón and tba fluorina atoa ana 
graatar tban 34 tba coupllng conatant hacMa aary anall (ol.OBa). It 
aaa conciudad tbat aban tba carbón and fluorina aara aaparatad tbla 
dlatanca or aban tba bjdrogan and fluorina a n m  aaparatad bayond
'<•2.SA (tba aun of tbalr Van dar Haala radll) a tbrougb*apaea narhantan 
aould ba no longar poaalbla.
H.FSlnca tbaaa aarly atudlaa furtbor axanploa of long ranga J, 
and ^ coupllng bava provldad ñora avldanca for tna 'tbrougb 
apaca' nacoanlan. A atudy on tba conpounda (7S) and (76) for 
Inatanea^ abonad tbat (76) baa a larga p ( d.3Ua), and an 
Intamuclaar bydrogan-fluorlna dlataaca of 1.44A. Conpound (75) 
bonavar abona no algnlflcant coupling batanan toa natbyl group and 
fluorina and boro tba intamuclaar dlataaca la 2.84A.
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H m  tricyclic octaaa^^ (77) la of particular lataraat alaca a 
coupllas la obaarvad for both tha aja aad tha aati C-8  protooa 
g “ 3.6Ü8 and 3.0Ha raapactlvaly).
Iha Intarauclaar dlatanca batanan tha arn proton and tha fluorina 
atoa la about 1.6A and a throtigh apaca aachanlaa la coaaldarad Ukaly. 
Naturally, thla cannot ba tha caaa for tba anti proton alnco It la 
dlractad aaay froa tha fluorina atoa. It la thought that tha apln 
Inforaatlon aay ba ralayad thrau(h tha agancy of tha a m  proton or by 
OTarlap of tba fluorina with tha aaall mar loba of tha anti carbon 
hydrogen bond. Uaaplta thara being two poaalbla aachantaaa the 
paper^^ concluded that "the aatlafactlon of tha apaca criterion for a
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prozlaal protoa will onauro tliat tito goal nal, aptotic proton couplaa oa 
wall. Consaquontly, for tho coaoa of ^ eoupllag InTolTlng 
Mthyl groupa it ban to bo eonaldarad pxobabla that all tbzwa oatlqrl 
protoos oro almiltanoougly coupled.“
Coupling to tbt Individual protona witbin a aot^l group in tbia 
nonnar boa racontly boon doaonttratod uaing tba triptyeano derivativa'S2
(78). At low toaparature tba intemal rotation of tba aatbyl group le 
frocra, and rotaaar (79) diaplaya a ^ coupling of S.THa to the op 
proton and of 6.1 Ha to both tba oc protona.
C7»)
Proa a atudy of tbooe orgap!gg it would oppaor that tba long ranga 
coupling oboervod la tba 2-fluorolectooa (39) la aoaawhat onoaoloua.
¡ Plratly, tba goonatrlc arrongaaont batwaen tba fluorina atoa and both the
C-7 hydrogen atona la not favourable for a through bond coupling
39aachonion. Secondly, tha intamuclear dletaaea of 2.73A batnaaa tba 
fluorine atoa and H-7 or tha dlatoaca of 6.0A batman tba fluorina atoa 
and C-7 ora unfavourable for tba direct or 'through apace* coupling
U 4
la ordar to prapaza althar oi tlia eycliaatloa pracurtors (3 7) or 
(M) pravloualy dlacuaaad, a tana o£ cltvlag tlia 1,6-aabydro borldga had 
to ba fouad.
OH LG
H O '
Ri
r n
Ra ' ' o ' '
V
 ^ («)
CoDcurmt alth tlia pzaparatloa o£ tba 2-fluorolactot (39), mym ot 
hydzolyalag tba acatal brldaa la tba 2-fluocoiijdrla (6) wia 
lavaatlfatad. Iba alactronlc lafluaaca ot fluorlt la altarlag rhaalral 
zaactlTlty baa alzaady baaa taa. Ihla alfaet n t  bownar aucb txa 
appaztt la tba atabUlttloa of tba 1 ,6-aahydro brldga. Naturally, 
tbla n t  to ba azpactad bacaut ultlttaly tba rola ot fluorlt n t  to 
atablllM aa acatal brldga in tba tbroaboxat aaalogua (1).
Kally and Kobarta^ daacrlbad a procadura ualag aa acldle rula la 
tthaaol tbat gana tba rlag-opuad aleobol (80) f z u  tba trleyellc 
lactou (1 1)
(11)
OH
U S
Unl«r tb*M eoadltloiia, ttaa 2-fluorolqrdrlii (6) « u  totally laart, 
Slailarly, raactlon altli nuaaroua alnaral and organic acida lad to 
incoaplota roactioaa aitar proloogad raaction tinaa. In cartaln caaaa 
tlM production of idiat naa tnought to bo tha cyclic athor conpouni (81) 
occurrad.
Onca again thia atructural aaoignaant la tantatlm and la prlaarlly baaad 
on tha nnr apactrua idilch conflraad tha loaa of tha aUyl group and 
dlaplayod a high fiald (dl.33) tbraa proton doublât (Jk/'bUs), Indlcatlag 
tlia praaanca of a natlqrl groi^.
Saactlon with tltanlun tatrachlorlda and bronldo^^ aa InitiaUy 
propoaad produced aavaral producta along with imraactad atartlng natarlal
aa did tbe uaa of the palladiun-baaad acatal azchango catalyat (82),
PdCl2(UÌ3CN)2
(82)
Ihia bad baen uaod to raaovo an acacai protacting group «hlcb bad also 
proTad to ba Inart to aavaral nathoda of acid Iqrdrolyaia.
Onca tba 2-fluorolactona (S9) bad baan praparad It provad to ba 
totally Inart in aquaoua acida aa liall. Kvan under ttaa coodltlona 
raputad to bave claavnd tba l,6-anhydro-2-fluoro glucopyranoalde (51)
U 6
Dualy SOX (v/v) ««lueaua
33■liuit«*.
■ulphonlc acid at 120 C for 30
(SI)
Hila iijdrolytlc atabllity had ala« baan aotad by Caray durlac tba
praparatloo oí 2-fluoro glucoaa froa l,6-aabydco-2-fluoto-
22 A aaall ylald of tba hydrolyala producta «aaglucopyraaoalda.
obtalnad aaaatually ualag p-toluaaa aulphoole acid la a aaalad tuba. la 
a latar papar^^ boaavar, aa acatolyala procedura «aa daacrlbadt tbla 
claarad tha 1,6-aabydro brld«« to produca eba paracaCylatad pyraaoaldoa 
aa aa aaoaarlc alztura. Tbaaa could tban ba raadUy coavartad to tba 
haalacatala by alapla traaaaatarlflcatloa ualag aatboxld«.
Iraataaot of tba 2-fluorohydrla (6) wltb aoatlc aahydrlda aad 
parchlorlc acid, tava a raaaooabla ylald (60Z) of tba aaaaerlc 
trlacatataa (83) aad (84).
OAC
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Nor«ov«r, raactloQ of tba 2-fluorolactoiM (39) uniior tbo m m  coodltlou 
gavo • cloaur XMCtloa loading to tha anoMrlc diacatatoa (83) and 
(M). In thla caM it provad to bo poaalbla to aaparata and purify ttaa 
Individual inonara. Iha nnr paraMtara for both iiwara ara praaaatad 
la XabU 3.
NoTMlly af tar claavago of tha 1,6-anhydro brldgo tho pyraaoM ring 
uadorgoM a confornatlonal changa fron (a) to (b).
(t)‘c;
dnalyaia of tha coupling conatanta and coi^rlaon with lltaraturo 
valuM ahow that tho bMt corralatlon of data la obtaiaod If a 
conforMtlon (b) la MoiiMd for ccnpound (83), It h M  tharafora 
boon Malgnad tha S-conflguratlon at tha anoMrlc contra. Iha coupling 
conatanta 2 p ^  tatraacatata (87) ara 8.1 Ha and
3.2Ha raapactlvaly,^ tha aoM what louar valúa of J, , B3.bHa for 
acotata (83) waa attrlbutad to a flattoning out of tha pyranoM ring, 
raaultlng In a dlhadral angla of lana than 180° batman tha couplad 
nuclol.
I>hU i
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^  OiMlcal Shift« (pia)
H-1 8-2 8-3 8-6 8-5 8-6 8-6' 8-7 8-7*
6.08 6.67 6.88 2.77 3.88 6.13 2.68 2.61
6.12 3.03 6.67 2.88 6.13 2.62 2.37
^  Coupling Conatoata (ha)
■'1 ,2 '*2,3 ■'3 .6 "♦.7 •'6.7. •'7 .7 .
3.6 3.6 6.16 8.2 3.6 17.6
3.776 2.6 8.7 9.8 8.3 17.7
Coupling Conatanta (Ha)
■^8-1,? •*8-2,F ■*8-3,F •*8-7,7 •*8-7
(85) - 67.1 13.7 0.7 3.6
(86) 17.63 30.2 28.3 1.7 2.9
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Iha data for (86) art innaaloiia with raapact to normal pjraaoaldaa 
nhlch bava ttaa o-conflguration at C-1 aad a conformation ((r).
Iba vary larga ^ ( 17.63 Ha) and ^ (28.3 Ha) coupling 
conatanta can only ba accountad for by a trama irrangmwnta
bataman fluorlma and both 8-1 aad 8-3.
Zbla gooaatrlc arraagamaat la oftan found la 2-fluoro 
aanoopyranoalda darlvatlvna for Inataaca (88)
8ara ^ aad g ara 18.9 8a aad 23.6 8a raapactlvaly. It ana 
tharafora concludad that compound (86) la tba o-anomar but adopting a 
conformation (a).
AcOCHg
AcOCHj
12U
A confoiaatlooal chañe* to (b) «ould raault la a 1>3
orlaatatlon of th* aubatltuanta at C-1 and C-3. Praauaably thla la
auffleiantly daatablllalne to oToreoaa aaj atabiUaatloo that nay raault
froa th* incaarle affact and aa äquatorial dlapoaition of th* C-A acatat*.
Glvaa that ooa of thasa aaoaara haa uadargona * coaforaatlonal
chanca aad that th* othar haa not, it la Intaraatlae to nota that both
dlaplay lonc-raai* _ coupillne conatanta. Xh* qratary roucamlna n,r
th* poaalhl* uachanlana for thaaa lataractlona la aov aran aor*
Intrigulag*
Cnapoiind (83) in a cosforuatlon haa an äquatorial fluorina 
atea aad a gaoaatrlc ralatlonahlp alallar to tha pyranoalda »»— yi»« aaaa 
pravloualy (66) - (68).
AoO^
(«5)
AoOCHq
O A c
la thla casa a through bond aachanlaa alght azplaln th* largar
g ( 3.6 Ha) coupling accoapanlad by a auch aaallar coupling 
( 0.7 Us) to H-7. Iha coupling conataata obaarrad for tha a-anoaar (86) 
ara 1.7 Us aad 2.9 Us, sine* this coapouad has aalntalnad tha 
coaforastlon tna coupling aachanlsa aust ba th* sana aa that for th* 
2-fluorolactona (39). Iha dlffaraaca In aagaltuda bataasn thaas 
coupling constants and thoaa of tha lactona aust howavar raflact a slight
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chufa In tba bood aoflu batwun tha eouplad nudai or a changa la tha 
latarnuclaar dlataaca.
Tha cluvaga oí tha 1,6-oalqrdxo toldga undar caau coadltloea poaaa 
acaa iatrlgulag aachanlatlc prohlaaa. Tha >iaua«ial iqrdcolytic atabllitp 
of both fluoro-acatala^^ and lth-aahydro-2-fluoro aufara^ h u  bau 
accouatad for ou tha baala oí dutablUutlon of tha iatarsadlata oaoulua 
loa (89) bgr tha laductlna affact of fluorina.
OH
(89)
Acatdjala of thau coopounda hoaarar glvu good ylalda oí tha 
paracatylatad rlng-opaaad pyranoaaa.
Caray at a l ^  obaaraad that trutaut oí tha l(6-aahydro-2-fluoro 
glucopyranoM (90) «ith acatlc aahydrldat parchlorlc acld aad hydrogu 
brooida yialdad tha 6-brooo glycoayl broolda (91)
OH
HO F
(90)
AcjO
B 1C H 2
I OAc
HBr
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wbaraM traataant of tha C-« aeatata (92) 
ylaUad only tha slyeoayl broiada (93).
tha aaaa conditio
A0 OCH2 A0OCH2
’OAc ^
HBr
AoO AoO
(«) (93)
It «as thacafoxa coacludad that uadar tha acatoljsla coodltloas tha C-* 
osyaaa bond « u  brokaa by nuclaophllle attack oi btoalda at C-o, SchoM 6.
Scheme 6
Ihl# propoaal tharafoxa pxovldaa a aachaalm fox claavaao of tha l,ft- 
aahydxo bxldta without tha lataxMdlacy of an lo*. iha
acatolyala of polysacchaxldaa and oUgoaaecbarldaa^^ la kaoan to claaxa
■•^tlYoly l-»b sljcoayl Uakagaa (94) xathax than tha 1 — »4 Hnir.y.. 
(95).
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(94) (95)
osygM elMvac*Ibis m 1 sctlvlty Is bsllsvsd so occur bscsuso 
occurs by nuelsoptallle stuck st c-«. A ««■«!««• stuck st ths 
C-4 slU is UBllksl7 . Furious studlss^ em. tks ■ochsnlstic upsets 
of scstolysls coacludsd tkst ttas rssctlcs is by tks sestyliia
estica. It is thsrofon llksly tkst sutolysis of tks 1 ,6-ss^dm 
su*srs procssds tktou(k s slallsr ascksBlsa ss outliasd In Seksos 7.
Attack of tks C-b osygon oo tks protoostsd scstlc sstqrdrlds sould 
sirs tks Utrsksdrsl InUrosAisU (1). r.«i i.p^  «y th«. .-«.is -i.—  
•sasrsu scouts, sUoalsg mieloophlllc stuck st C-k sad bzosklag of tks
C-k ylslAlag tks sutylsUd product.
UnfortuasUly tkls aseksnisa oaly
it is kaosa tkst botk
tlas tks productloa of tks |- 
rs s u  produced. Slallsrly, 
puu saoasra (83) or (86) s o n  subJscUd U  tks sms 
rasctloo cooditioos saoasrle alzturu Mrs obulaad. la order to 
scccuat for say aaoasrlsstloa tke resctloo oust proceed thrangh -«»i>t- of
sltker of
U e (96 (97).
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« M «  attaaptad. üaTlag alxaady prapaicad tha aaaaaric dlaeatataa (85, 
86} It «aa aaauaad that tliaaa could ba dapzotactad to plald tka dlola 
(98). It «aa than hopad tbat thaaa alcht ba laoaarlaad to tha 
<-lactoaaa (99) ualag aa acld catalyst, ITr'liai 8.
U m  6-lactoaaa (99) would prowlda Id 
cycUsatloa via a C-1 laaTiag arcup
Intanaadlataa to attaapt
also ba Idaal for addltloa of tha
pzoataaold aldochalaa rla tha comaspoodlac lactol. Tzaataaat of tha
acatataa (85, 86) with i yloldad a alstuza of at
throa which prowad to ba laaaparabla by
chrcaatoaraphy» Clwan that tha lactoaa riag alaht bo
atariflcatioa coodltloaa tha of poaslbla
to tha
roaulttag
roactloe is quits largo (98), (100)-(104).
It dacidad. that tha taaaariaatioa to
(99) still ba poaaibla awaa with Bixtura of
6-lactooas 
Xha
unraaolwad aixtura tharafora traatad with p-toluana aulphooic a d d  ia
tatrahydrofuran. Aftar aavaral days atirriag at taaparatuza tha
aixtura had rasolwad lato two cloaaly ruaalag spots« Xha rasctioa 
worfcad up aad tho product acatylatad to ylald coapouads 
ffhreaatographlcally aad spactroscoplcally Idaatlcal to tha startlag 
acatataa (85, 86).
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umm
OH MeOHffT • " Y<»<• KhO(n\
(O ) (105)
SckenieO
Ai*U*Mllty of tlMM dlola (107) vould alla* aa attaa^ at cjcliaatloa 
ualBC tlia m a d  aaalogjr/^ la «Ith a C-3 laavlag «zoup. Hila zouta 
« u  alao appaallag alata le appaaxad tram a atody of
that protactloe of tba prlaazy iqrdzozyl gnop at C-d «ould ba maeaaaazy 
alata ttaa torxaapoodlag alkoxlda tould aot iH«plafa tlia C-3 aaaylata.
^paratloa of tha aathyl aatar (103) piorad to ba atral«btfoxBBzd 
aa dld tha acatolyala, to plaid tha atatataa (106). Hoaavar, 
daprotattloB «Ith potaaalua tarboaata la aathaaol dld aot giva tha 
daalcad dlola (107). Aaalyala by aar apattroatopy abnoail that both tha 
■••ylota group aad tha aathyl aatar fuattioe «ara aUalag. Siota thara 
«aa ao «vidaata of tha aliaiaatloa prodotta It «aa tootludad that tha 
Y-lattoaa (98) «aa tha Ukaly produtt, «i rivaigh thla «aa aovar tteflraad.
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Slaea both of
•jatlMtle
routM
•nvlaacad. It
uaproductlT», tha folloalag 
M  bopad that tta* p r n M f
pzavlaualy aacauatarad aaj b* clreu 
«ttaclsMat of tho top prootaaold «1
tntod la a coaatzuctlaa 
díala.
u
(»)
r <(CH|)SOO|H
(U » )
(^CHdbOOiUa
AoO'
(109) Ote
HO“
(110) OP
,(CHrisCO]Ma
Scteme 10 (111)
OP
9rhaaa 10 abona ttaa lataadod ayattaatlc aaquaaca for aealpiüatloe of 
tba 2-fluorolaetoaa (39). Ubal raductloo aad Hlttlg raaetloe 
ylald ttaa taydzosy acld (106). Acatolyala atiauld ttaaa pzovlda ttaa 
trlacatataa (109) nUcta could ba daprotactad to ttaa conaapoadli^ 
triol. latarlfleatloa of tba acld fuactloa aad aalaetlaa protactloa of 
tba prlaary alcotaol ahould ttaaa gira (110), a aultabla pracursoc for 
cyellaatloa ría a C- 1  laarlag groiip.
Schaaa 11 ataowa ttaa lataadad aaquaaca for coararaloa of ttaa aaaylata 
(62). Oaldatlra elaaraga of ttaa allyl group aad Hlttlg raactloa «»««"■i.i 
ylald ttaa acld (112).
am
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,(C»W«CO^
(C»W«COiH
(113) (Mo (114) 0”
,(CHri*COiMe
Scheme 11
(115)
^to'l^lcatioa «ad acetoljral* would giv* tha dlacatataa (113). la ♦■»««« 
caaa traaaaatarlflcatloa should produca tha dlol (114) w — «- lataraal 
dlaplacaaaat of tlia aaaylata bp tha carboaqrl group la ualikaly. Aa 
■aatlooad pcoTloiialy, raactloe «Itli haaa ahould fticalah tha 
(3.1.1) acatal «ithout tlia aacaaalty of protactlag tha pclaary C-d 
hjrdroayl fuactloa. Uafortunafaly, praaaura of tlaa aad — aarar 
alloiMd thla syathatlc achaaa to ba azplorad aay furtaar.
Ualag proTloualy aatahllahad proataglaadla aathodolcgy^* tha 
2-fluorolactoaa (39) «aa raducad to taa lactol (116) aad Nlttlg raactloa 
alth tha appropriata phoaphoraaa ylaldad tha faydroxy acid (100) la 70S 
plaid.
(59)
OH
^PJHtbCOjH
(10«)
U l
Tabla 6 aho«a tba aar data obtalaad froa ttaa hl«b flald apaetnau Of
iatazaat bara ara tba aad valuaa 3.b6 Ha aad 6.1 Hs
raapactlvaly, typifylas axlal-aquatarlal orlaatatloa of ttaa l^drogaa
atoas. Hoatvar, aora dlagsostle la ttaa valúa. 29 Ha, ahlcta ia
claarly ladleativa of a trass dlaslal orlaatatloa of fluorlaa aad ttaa 
bydrosaa atoa. This ttaarafora flssd ttaa starsocbaalatry of ttaa 
3-lqrdroayl group as äquatorial.
Tabla 6
»t
^  Ctaaalcal Sblfu (ppa) 
H-1 H-2 H-3
3.4 4.4« 4.06 4.78
CoiipllDg Coostaata (Hs)
J, , J., , J., .
Scatolysls of ttaa bydrozy a d d  (lUH), bawavar, did aot giva ttaa aspactsd 
triacatataa.
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,(CH,bCO^ ■ J C .
AaO'
Ote
(109) (HT)
H w  aajor product, aloot *ltli • plothora of alnor coapoooat«, a u  tho 
■OSO ocotata (117). Xhla « u  eonflzaad bp •poetroacopic aoaDO «ad «a 
tndoponiliir ayntboalo ualog acotle aa^dcldo aad ppcldlaa. Slallarljr, 
aeotolyola of tlw ■oaoocotct« (117) lad to roeovorp of atartlac aataclal 
along vlth i w aroua daconpoaltloa producta. protactlon of tha
acld aa tlw aattqrl aatar (118) uaa a^uallp uaproductlvo. teatolpata la 
tUa casa produced a «hola atriag of canpounda, aooa of alileli hana baaa 
clwractarlaad.
Çte
**o'*
(118)
(^CHddCOiMo
la ordar to orarcoaa tiwaa dlfflcultlaa It aaa raaaooad that tha 
aacrolactooa (119) alght giva a claaaar raactloa oo acatolpala. It a 
ballavod that this roapound would baar a dosar parallel with tha 
Y~lactooa (39), la taras of fuactiooalitp.
U 3
(119) (99)
A alallar twi-— b«r»d rla« lactoM (120) a u  praparad bjr Cozay at 
MAl bgr prior praparatioa ot tha thlopyridpl aatar, fnlloaail bf 
lactoolaatioa.
Uala« tka aaaa procadura^ tha eryatalliaa aacrolactoaa (119) aas 
lAolatad la about lOX ylald. Uao of a aora afflclaat praparatioa^ o< 
tba tbiopjridyl aatar alloaad tbia to ba laproaad to^30X. Iba ori«iaal 
praparatioa usad tha diaaric bipjrridyl blaulphida (121) to foia tba 
tbiopyridyl aatora. Tba Isttar procaas uaad tblopyrldyl cblorofoxaata 
(122) abich bas tba adraataca of ylaldlag rolatila by producta, aMsly 
carboa dioaida aad hydrotaacblorida.
C.H,,
( 120)
X,
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rurthar «zparlMiital «ork ualns «Itliar aUvar aalt catalyala^ or 
chamlng addltloo rataa and coocaatratlona pnnrldad no alcalXicaat 
iBprovaaaata. mriag thaaa azparlaanu aaall quaatltlaa of tlia diñarle 
•paclaa «ara olean laolatad, hara atnctural aaslsnant «as baaad on tka 
conpound haría« a aolacular Ion of a/a 312 and a ymrj alntlar w  
apactrua. Othar producCa «ara uaually obaarrad on ele and acné atartla« 
aatarlal ana alaaya reeorared. Thla honarer nevar accouatad for tha 
larga aaaa labal anca batanan laolatad producen and atartlng aatarlal. 
le la themfora llkaly tbat polyaariaatloo or dacaapoaltlon axa not 
Inalgnlflcnnt alda raaetlooa.
latroapactlva ratlonallaatlon haa lad to tha ballet tbat » agala, 
tba alactronaaatlvlty of tha fluorina aubatltuaat nlgbt ba maponalbla. 
The nomal nechaalaa for tba laetonlaatlon of 2-pyrldyl tbloeatara la 
outUaad la Sebaae 12.^
(ID)
'.(CH2)„
Scheme 12
U 3
ic « u  C M M o a d  Chat «Ith pjrridyl thlo «atara thac tka latMnal protaa 
traaafax (I)— ^ 11) «ouU b« aor« faaourabla titaa for alapl* «atara.
H m  dlpolar lataf adla f  (II) a«a tiM« ballaaad to uadargo a fácil«, 
•lactroatatlcally orlvaa eycUaatioa to (111) abicli «ould thaa ylald 
laetooa (IV) by «llatoatla« oí tba 2-pyrldthloo« (V).
Aa alraady aaw la taa Coaylatloa roaetioa of aleoiM>l (12), tba 
pr«a«Doa of a a-fluoro aubatltuaat «111 raduea tila auelaopUUclty of tha 
C-3 alkoslda raaldua. la tli« caaa of aa lataraadlata of tjrpa (11) tala 
«111 raduca tlia afflelaacy of tlw latraaolaeular eyellaatlOB «Itli raapact 
to iataraolocular alda raactlooa. Tala aucsaata taat a««a 
dllutlea eoDdltloaa aifat favour ta« latraaolocular procaaa.
Altaouga tha ylalda of tala atap «ara dlaappolatlac It «aa 
tratlfTlat to fiad that acatolyala aavo a ralatlTtly elaaa roactloo to 
ylald taa aeatataa (123) aad (12a). flaca aora, It «aa poaaihlo to 
aaparata aad ebaractarlaa ta« iadlvldual aeatataa. Iba approprlata car 
detalla ara praaaatad la Tabla 7 aloac «ita tnoaa for taa aaerolactooa 
(119).
Aa «Ita  tha bydnaqr aeld (lOd) taa coupliag eooataata
''l,2’ '*2,3 ^ for tha aaerolactooa are ladlcatlva of aa
axlal-aquatorlal orlaotatloo. flaca agaia tha coafotaatloa of taa pyraa
''H-3,r
typical of a traaa aiarlal arraagaaant of tha fluorlaa aad aydroaan
C||
atoaa. Naturally, toaaa valuaa all coaa«« for tha aeatataa (123)
aad (124). Slaca tha ^ valúa aow appaara to ba too aaall to
aaaaura, le iapllaa that bota anoaara aava uadargooa a coaforaatloaal 
chaaga froa to
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I6hl» 7
(119)
F
o A o ^ \ ^ o a c  ^ A q A ^ o a c
(123) (124)
M-3 UrA H-5 
3.12 2.2 4.31 
3.36 (2.3-1.3) 3.96 
3.26 (2.3-1.3) 4.1
Cwipllin cc M f nf  Ou)
•'1.2 '*2,3 •*3,4 •'4.3 ■'3,6
119 1.3 4.1 6.7 - 3.3
123 9.0 3.0 - - 1.3
124 4.0 4.0 - - 1.3
V “ *P Coupling cooatoata Ou)
■*6-1 ,» •*»-2,P •^ h-l.P
U 9 - 30.4 27.0
123 2.0 46.3 -
124 0 43.3
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(Me
Ihle « u  coneborated by th* ^ Taluaa for both ■ i w r »  balag elei lar 
ani tjplcal of axial-aquatorlal orlaatatlon. Noraovar, tta 2 
▼aluaa of 9Ha aad 4Hs «aro typlcal of a axial aad aa axlal-a^uatorlal 
orlaatatloa xaapaetlraly, baaca alloalag aaalgnaant of tba aaoaarlc 
coaflguratloa.
Harlat flaallj achlarad tba claarago of tba aalqrdzo fearldga» all tbat 
raaalnail to ba dooa «aa aoaa appropriata protaetloa bafora cyeUaatloa to 
tba oxataaa. It «aa bopad tbat tba dlaeatataa (123, 124) could ba 
traaaaatariflad to tba aaoaarle aothjrl aatar (123).
,(OUsCO|Ma
HO'*
OH
(123.124) (125)
Baaetlon «Ith potasalia carbooata lo aatbaaol bowarar lad to a 
aaootb cooraraloo of tba dlacatata to tba aaoaorle dlol (126).
13«
( 12«)
S«v*r«l attaapt« to traaaaatarlfy tUa dlol «ara attaaptad, but 
uadar both acidic aad baalc coadltiooa ttaa lactoaa raaalaad latact. 
Ultlaatalp tha dtol (126) aaa Iqrdcoljraad «Itli potaaaiua iqrdtastda la 
aquaoua aathaaol aad aotk-up «Ith dlaaoaathaaa saw tha aatiqrl catar 
(123) as a aacaarlc alztuza la aodacata plaid. riaallp, aalactlva 
protactloa of tha prlaazp hjdroxpl group gara tha allyl athar (127), a 
aultahla pracucaoc for epcUaatlou.
OH
(CHd«CO|Ms
(127)
Durlag tha couraa of this apnthatlc aadaavour, tha spnthaala of tha 
dloxablcyeloO.l.l) haptaaaa (128) aod (129) had baaa publlahad bp Still 
at al.»^
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Both th«M blcjrcUc nwttn—  had baaa praparad bjr epcUaatloa ot tha 
eoriaapoiidloi taaalacatala (130) and (131), ualag a aodlflad Nltauaobo 
laaetloa.
OH OH
HO «  ^nau 
(130)
•t_al. «ara thaa abla to ramra tlia broalaa atoaa ualag trlbotyl- 
tla iqrdrlda to plaid tlia uaaubatltutad (132).
Iba aattedologp davalopad <m tbesa aodal spataM waa Utar 
spatliaalaa tbroaboxaaa A.. (p. 6 6).
to
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Um  of tiM Nitauoobo coactloo for tho oyotliMlo of 
otlMr ozysoa hotorocjrelM « u  first rsportad bj Carlock sad Msek.^*
It «SS dsaoBStrstad that trastatat of various with
dlethyleaodiearboeylate (133) aad trlphaayl lad to «-»«>«-
afflclaat coavarsloa to tlio eorzaspoodlat cjrcllc athars. That la«
(1>3) aad (1|4) dlola gava aporldaa, irva^anaa aad tatral^drofuraas 
'**P*ctlvaly. Zha aachaaiaa postulatad by Caxlock aad Mack** for 
thaaa eycllaatloa raactloas la outUaad la °r*~ni 13.
tha raactloB la thought to proeaad first through tha batalaa (1) 
ahlch thaa iataracta with tha dlol to fora althar the adduct (11) or tha 
••It (HI). Collapse of thsae lataraadlatas thaa gaaaratas tha cyclic 
athar« triphaaylphosphlaa oxida aad dicarbethozyhydraslaa.
EtO,
Y
N=
(133)
w
A OEt EtO
O .T
N— N ' OEt
+ P « i (D
EtO
H
w
K P h
(D)
X
EtO
Y
NH-NH OEt
-0 -i|>
O -H
EtOY
c ^N— N H ^ O E t
(ID)
< V — O
Scheme 13
141
Analyals oí tho cyellMUon of tlw hoaUcotalo (130, 131) la tha 
llsht of thia aachaalaa l^^laa that tlM aalt (134) (B-aaoaar, 
cooionatloo) la tlia ooly ylabla latazaadlata Ukaly to produca aa 
o-oaataaa brldaa»
nBu
laactloa of tba o-aaaaar la althar tha (135) or (136)
coaforaatloQ la axtraaaly uafavourahla oc atarooolactrocOc «rouada. 
Taat la bacauaa lataraal nuclaopbllaa at althar C-1 or C-3 caa aaaar 
attala tha corract orlaatatloo for dlaplacaaaat of a laavlag «roup.
nBu nBu
-O H
OH OH 
(1 3 5 .^ ,)
Br
(136. *C4)
baviac a C-1 uydrozyl aa an iatar&al nuclaopiilla la tba 
■noaar (U7) can ba dlacouatad on tba aasa grounda#
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nBu
-OH
Thla doas, hoMvsr, hav« th« pot«atÌ4a  to f o n  « B-ontaao brldfo by 
roaetloo through tha laaa atabla eoofonar (138) wltb aoat 
aubatltuaata azlally orlaatatad. flnally, an latraMlaeular ptocaaa aa 
la U m  tjpa 11 adducta propoaad by Carlock aad Nock aas alao 
dlacouatad» It la tbtaight UMt U m  otarie ra^ulraaaata for ««»»»«««» 
foraatloB ara too raatrlctlas to lacorporata a tan aaabarad eyelle 
traaaltloa atata.
CycUaatloB via aa lataraadlata auch aa (134) la alao la agraaaaat 
«Ith U M  provloualy dlacuaaad ataraochaalcal raqulraaaata for a-emtaaa 
hrldga foraatloa. Io thla Inatanca Um  Mltauaobo raagaata croata aa 
äquatorial laavlag group at C-1 aad aa »»tsi intaTMi auelaophlla at C-3.
Tha aaology batvaaa U m  broao haalaratala (130) aal (131) aad tha 
protaetad fluoro haal acotal (127) ata obvloua aad aaturally ti«<« 
eyellaatloB raactloa «aa attaaptad. Aa aatlclpatad oa tha hast« of tha 
rasulta obtalaod by Still,^ raactloa of (127) «Ith
dlathylatodlcarboaylata/trlaathylphoaphlta adduct gava a laaa polar apot, 
«all raaolvad froa U m  atartlng aatarlal aad othar producta. Soparatloa 
by flaah chroaatography gava a coapouad hoaMgaaaoua oa tic aad displaylag 
Um  uar apactrua lo Figura b and U m  paraaatars praaaatad Io Tabla 8.
Analyala of nar data froa pravloualy ayathaalaad dlosa bleyelo
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^  S
T
I
3
<n ¡X
S
-  s
143
TaUa 9
Coapouad*** X Y A B •»1 .A ^1.. ^3,B •'3.A "1.3 "a .i
27^' 0 0 F F 0.0 0.0 0 .0 8.3 4.6 183.1
2,17 u 0 F F 0 .0 0.0 0 .0 7.9 4.9 176.2
13,64 0 0 S S - - - - 4.3 0 .0
32,64 0 0 Br Br - - - - 4.3 0 .0
132** 0 0 H H 4.0 0.0 0 .6 6.6 4.0 8.9
12«** 0 0 H Br 3.3 - - 3.9 3.9 0 .0
140*^ « s H H 5.7 0.0 0 .0 6.0 3.8 1 0 .1
141*« s 0 H H 3.0 0.0 0 .0 3.0 3.0 9.3
142 0 0 F H 4.84 0.0 0 .0 13.33 4.84 39.3
Iba raaulta oí thla azparlaaat ara abovn la Flfuraa 7 aad 8. Figura 7 
abona tba apaetrua obtalaad bjr Irradlatloa of tba H-3 raaoaaaea. Át 
44.53 tba doublât of doublata ata aaao aa aagattva paaka. Honavar, at 
43.43 a triplât la aaaa balo« tba Uaa aad a doublât abora. Slaca 
apaetral aubtractloa baa raaovad aay latarfaraaca froa tba protoaa
b-1  la claarly aaaa aa a triplât (aagatlva) nbleb collapaaa to a doublât 
(poaltlva) «bao H-3 la Irradlatad. Tbla abona tbat H-1 la eouplad to 
H-3 aad lodlcataa tbat H-1 la alao eouplad to fluorlaa wltb a coupliag 
coaataot of alallar aagaltuda. Tba eoanaraa axparlaaat la abono la
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Figura 6 la «falch protooa at «5.45, that la la tha approzlaata ragion o£ 
H-1 , «ara Irradiata«.
Irradiation at <4.55
Plaura 7
Irradiation at «5.45
» r- h ■ « • a.a a F a • 5 •
Plaura 8
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At 64.S3 tha H-3 doublât of doublât« (MgatiT«) mtI 1 «|r««« to a doublât 
(poaltlua) ou Ixtadlatlou. Ihia eonflZMd ttaat H-1 aad H-3 ara couplad 
aa outUaad abova.
lürthar aBalpala of tha apactrua, Fleur« 6, abeua H-2 aa a doublât 
eaatrad at 64.7, ouca aaala tbla larga eoupUag «*39 Ha la aaauaad to ba 
'*H-2,r* Btioaa ttaat ttaara la a aaro coupltng to botta H-1 aad H-3,
ttaarafora proyldlag ttaa «vldaaca for fonaktloa of aa a~oaataaa brldga. 
Had ttaa 0-oaataoa (143) baan fozaad ttaa dltaadral aagla bataaaa H-1 aad 
H-2 «Duld bava baau eloaa to 0** aad a largar <‘««ipn»g eooataat 
taara baan aaan.
(143)
OCHtaPti 
-OOItPH
(X>1aPh
(16)
Ttaa 1,3-aahydro glueoppraaoalda (16) «ynthaalaad bp Scbuarcta^ haa a 
2 01*^4 Ha.
riaally, ttaa aagoltuda of ttaa coupUag conataata «ara
19coaflraad froa aa F car apactrua. Clvaa ttaat ttaa (H-3, F-2) aad 
(H-1, F-2) dltaadral aaglaa ara Idaatlcal ttaa p (4*4 Ha) aad 
^ (13.3 Ha) coupUag coaataata «ould appaar aaoaaloua. Itala 
dlacrapaacy eaa oaly raault froa ttaa dlffaraat «laetrooagatlvltlaa of ttaa 
aubatltuaata oa ttaa oaataaa rlag, ttaa y balag loaar bacauaa of tuo 
oaygaa aubatltuaata oa C-1. A alallar varlatlou la coupUag coaataata
148
haa alao baaa obaarvad In tha 
oxatanaa^^ (144) aad (143).
atrleally aubatltutad fluoro-
(144) (145)
Oxataaa (144) dlaplajrad Jg_2,f-3 “ ^  “ i -»H-l.f-a " ^ ■*»«“
osataaa (145) had Jg.2 ^ ^ 3 - 12 Ha aad - 3.5 Ha. la thaaa
eaaaa tha lo«ar Jjj_^ j^_3 »aluaa auat ba a raault of tfaa fluorlaa 
aubatltuaat oa C-4.
It vaa alao roaaoaad that thaaa aubatltuaat affacta roaultad la ao 
fluorlaa protoa eoupUac balag obaarrod la tha gm dlfluoto Tirt-anaa (27)
(29).17
2aro caupUag bataoaa tha H-1, H-3 protoia aad tha B~fluoro aubatltuaat 
would ba obaorvad dua to a 90° dlhodral aagla, vlclaal
149
coupllag havliic a alallar aagular dapaadanca aa Tlelaal
70coupllat* It «aa tlian arguad that any coupUoc batHcan thaaa 
protooa and tba orfluon aubatltuaat would bo caducad to —  
waluaa dua to tba «loetcoaatatlvicy of tha 9-fluoco subatltuaat aad ttaa 
oatytan aubatltuaata.
Havlac piapacad aad aatiafactorlly cbaractarlaad tba 2,4>dlosa 
blcpelo (3.1.1) baptaaa (142) a U  tba aajor ayatbatlc buzdlaa bad baaa 
ovoreoaa. All that raaalnad to coaplata tba ayatbaala of 10-fluoco- 
IXAj (1) «aa attachaaat of tba bottoa pcoataaold aldo cbala ablcb 
abould follow tba uaual proataglaadla aatbodolotp» lirhaaa 14.
(iMM) -
(142)
CHO
^(OUlCOnMo
(M) -
,(CHi)«(X)|4l«
,<¥4,,
0v).(v),
(147) (1)
Scheme 14
(1) lu^NF
(It ) NaBa^. coli
(1 1) [OJ
cbzoaatogcapi^
(111) (Ma0)2P0CB^ C0CjH^ j^
(t) H3O
Scbaaa 14
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Coaplatloa of tha ayatliMla In thla aanoar «111 oatucally dapaad oa 
^  rhaal cal atabllltj of tha osataaa brldga. Aa yat, aotliiag la raally 
kaawa about thla^ axcaptla^ that dua to a tlaa lapaa hataaaii naala^ tba
1 j,9
** aad t apactra tha roapound «aa atorad at lo« taraparatura la 
aolutloa for aavaral daya «Ithaut aay hydrolyala oecurrlac. Iha 
^rolytle atablUty of tha dlfluoro ozataaaa^^ (27) aad (29) ara »i —  
«ary aacouraglap la thla raapact.
It la xaprattad that laaufflclaat tlaa aad aatarlala «ara avallahla 
althar eoaplata tha total ayathaala or to progjrata hayoad t-fc«« polat.
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2.3 CoBcltiJlM °--- tm
Iba «la of tkla projaet vaa to «cblav« « total «yotliaal« of a 
fluorlaatad thioabosaa« Aj aaalocua, la tha that wouU ba a
aota atabla coapw m d tbaa TXÁ^  Itaalf, aad tbat it alght bava aa 
lataraatlat btolostcal profUa. Furthazaor«, It «aa bopad tbat — >i» « 
algbt bava aatacoolatte ptopartlaa «itb raapaet to aatural 
XXAj aad tbua ba tbarapautleally uaafol.
Altboiifh coaplatioe of tbia aabltloua projact bas aot baaa raallaad 
la fuU. a aajor part of It haa baaa fulflUad la tba fota of tba 
ayatbaaia of tba 10-o-fluoro XXAj piacuraor (142).
(CHitaCOiM«
Tbla baa baaa partleularlj raaatdlac alaea it pcovaa tbat tba orlclaal 
Idaa coacaralas tba atablUaatloa of tba aaaalti«« bleyelle (3.1.1) 
acatal bgr tba alactroa «Itbdrawlas ptopartlaa of fluorlaa, «aa 
fuadaaaatallp corract. Tbla «aa alao bota« out bp tba atudlaa
of rrlad «t al^^ 1a tbalr apatbaala of tba b/drolptlcally atabla 
dlfluoro-aeatala (27) aad (29).
1S2
Ib* ayntbatlc progxaaa towarda tba «"«•««« (142) haa alao 
eontlaually asphaalaad tba Influaaea of ¿luoriaa aubatltutloa oa rhawlr al 
(pbl7 ). ladaad It la ao« bopad tbat a gnaatar aaaraiiaai and 
uadarataadlac of tbaaa ptopartlaa abould alio« aoaa optlalaatlea of tba 
ajathatlc aaquaaca.
Iba flrat atoa zaqulrlat laproaosaat boaavar la tba fluorlaatloa 
atap Itaalf. It la fait tbat furtbar azparlaantal aotfc ualag (34), tba 
taagaat daaalopad by Clazfc aad Broaa,^ al^t alloa soaa laprotaaaat.
Pb^PHff
(36)
Uaa of tba aoa-miclaopblllc aolaaata dlaatbjl fnraaalrta or dlaatl^l 
aulphoKlda w U l  praaoat coapatltlva apozldo daaaaga froa tba aolaaat aal 
allo« aora forclac coadltloaa tbaa trlod pravloualy. 
fluorlaatlag raacaat racaatly raportad^^ la tatrabutylaaaooluB 
bifluorlda (14B)* Tbla could ba ragardad aa aa orgaalc a^ulaalaat to 
potaaatiai Iqrdrogaa fluorlda aad coaaaquaatly M y  alao ba a uaaful raagaat.
Bu^NHF2
(148)
Tba lafluaaea of tba fluorina atoa flrat bacana apparaat durlag tba 
praparatloa of tba trlcyellc lactoaa (39), tbat la aban tba uaa of a 
trillata laarlog «roup aaa raqulrad to eoaplata lactonlaatlon. Hoaaaar, 
tbla Influaaca aaa aora algalfleaat la laeraaalag tba atabUlty of tba
1,6-aabydro brldga toaarda hydrolyala. la ordar to oaarcoaa 
problaa a atroagly acldle acatolyala procadura aaa raqulrad.
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Unfortunataly, under thnna coalition* th* iqrdzosy add (108) dneoapo*** 
or ylald* oolj tb* C-3 neotato.
(S9) (lot)
dcatolyala of tha bydrosy a d d  aoa bonavar lodlltatad by prapazatloa of 
tbe nacrolaetooa (119) but tbla could only bo acblaaad in poor yialda 
(**30Z). It la poaalbla that an altarnatlra procadura for lactonlaarlon
■ay Inprora tbla atap, for Inatanca uaa of a different thlo oatar and
72catalyaad lactonlaatloa vltb allrar or aercury aalta. Howarar, It 
la arguable that a ebanga la tba aaqueaca of aynthatlc atapa nay ba nora 
appropriate In ttala caoa.
It «aa daaooatratad that acatolyala of tbe tricyclic lactooa (39) 
prooeadad asootbly to yield tha acetate* (83, 86). Therefor* 
introduction of tb* top proatanold aldacbaln after daarag* of tb* 1 ,6- 
anlqrdro bridge and fonatloo of tha oaatana bridge nay be a batter 
altamatlT*, Sebaa* 13.
Hydrolyala of tba acatataa (83, 86) and work up d t b  dloaoaatbana 
ahould ylald th* Mthyl aatar (149). Protection of tb* prlaary alcohol 
followed by cycUaatloo would próvida tbe otatana (131) and finally Olbal 
reduction, Hlttlg reaction and aatarlflcatlon would glw* tha IXA^ 
pracuraor (142). Thla aaquanc* will only b* vlabla howavar If a nor* 
efficient cycUaatlon procadur* can ba found and If th* oaatana bridge la
I M
■tabi« to ««Tar«! cbaale«! coavaralona.
OAe
OSJ«)
OH 0O ( C » W ^
(1« ) (130)
k \
^(CHttsOOiMa
(131) (142)
06I(O^MBi/
Sdwaie IS
Uaa of tha MitauDobo raagaata for tbia zaactlOB haa baaa tborouflilr 
60Invaattcatad by Stili at «1 ao aay optlalaatlon of tbla raactloa la 
unllkaly. A battar jlald al«ht ba poaalbla howaTar by pzaparatioo of
tha C-1 Maylata (1S2) and raactloa «Ith baaa accordine to Frlad at 
-,17
OH
(132)
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Th* ontaa* (142) la unllkaly to hava any Intrlaaic biological 
activity Itaalf. Howavac, it provldaa aaay acoaaa to tba alcohol (133) 
and aUalqrda (134) «bleb would ba valuabla lataiaadlataa for tha 
praparatlca of a aariaa of thtouboiana Aj aaaloguaa.
(^CH^gCOaMa
*CHO
(153) OH
It la kaowa that ttaa bottoa a1 dachata la aot gaaarally raquliad for tba 
biological activity of aaay proataaold darlvad pharaacautlcala.^^ Tba 
aldalqrda (134) aad alcohol (131) would tbarafora provide aultahla 
pracuraora for attachlag a variety of aubatltuaata for tba lavaatlgatloa 
of biological activity.
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tep«rl— nt«l
1) Sp«ctro«copy
1 13
« aad c  auclMT aafnatlc raaonaaca spactra «ara tacordad la 
tha solYaata statad aad uala« tatraMthylallaaa (m s ) aa aa 
ataadaxd. All fhaalcal ahlfta ara quotad la ppa doaaflald fro* IMS. 
Koutlaa apactra «ata racotdad <m a Farkla-Uaar U 2  (90 Mi«) or a Inikar 
WP80 (80 Mis) apactsoaatas. Hlgii flald apactra «ara racordad althar at 
Idlaburgto Dalvaralty (360 M U  apaetra) or at ICI Pharweeutlcala,
Aldarlap Park (600 M U  apaetra).
19
f apactra «ara alao racordad at Idlaburgb UalTarslty ualag 
dautaroetaloroloni aa aolraat aad trliluoroacatlc a d d  as aa 
rafaraaea.
lafra-rad spactra «ara racordad oa a «»<<— j—  Or^35 lastruaaat 
dtbar la solutloa ( lOS la CHjCl^) or as tala 111m . lUsa spaetra 
aad higa rasolutloa aass dataralaatloas «ara obtalMd by Mr D P or
Mr T Moodla uslat a Jaol JM8-D 100 m s s  spactroaatar.
11) rhrnaatosraphy
Aaalytlcal tic pUtas (Narck Klaaaltal 60 Art 5735) «ara 
alutad la tiia solYaat spstaas atetad, tbaa uadar ultra d d a t
llsht. Ibaaa platas «ara thaa atalaad «itb lodlae vapour aad/or carle 
«BBoalua aulpbata follo«ad by haatlaA to 150°C.
rhroaatographlc aaparatloas «ara achlavad usloc «« «ith 
Klasal«al 60 (Merck 9385 or Pluka 60738) aad tba procaduras of Still
(J.Org.rhaa., 63 , 2923, 1978) «ara aoraally utlUaad. Hhara 
alutloo ratas are aot quotad coluaas «ara prasaurlaad uslag a ¡— p
aad tbs alutloa ratas uakaosa.
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frlor to loadinc onto c o I u b m  all ■«■pi—  «tra baund oato alile«. 
Ihla «aa achlavad bjr dlaaolvlat tha caapauBds la aa appropriata aolvaat 
(uaually CH2UI2 ^  addlag Mail quaatltlaa of alile«
(1Ü0-200 Bg par 100 ag oí «Mplaì. than raaerlag tba aolaaat
In aaeuo. lUa proeaaa «aa rapaatad unti! a dry fra« flcvlag poadar «aa 
obtalaad. Iba aaapla «aa tltaa appUad to tba eoliaa bjr poiirlag tba 
po«dar loto tba hoad ol aolaaat abova tba eoluM. Ibla «aa foUoaad by 
tapplog gaatly to raaova alr bubbloa and lavai out tba aaapla. Zba 
rol lana «ara tbaa alutad la tìta ooraal aaaoar.
111} Caaaral
All aolvaata «ara routlaaly dlatlllad <roa appropriata drylag agMta 
and eoaaarelally avallabia roagaata «ara uaad aa obtalaad.
ror raaetloaa raqulrlog aaiqrdroiia eoadltloaa, tba aolvaata «ara 
altbar rodlatlllad laaadlataly balota uaa or drlad by atoraga orar 
aetlvatad aolacular alava la. Uquld roagaata «aro poriflad by 
diati!latlCQ and drlad by atoraga orar aolacular alava, «bara«« aoUd 
roagaata «ara pradrlad by atoraga «t raducad praaaura ovar P2O3 ve by 
aaaotrople dlatlllatice «Itb dry toluaaa. laactloaa «ara parloraad lo 
flAM drlad flaaka flttad «itb Suba-aaal rubbar aapta ondar «a ataaapbara 
of dry altrogaa. Traoafar of adutloaa «aa aceoapllabad ualag «yrlaga 
tacbalqua.
Plaally, all aaltlog palata ara uacorroctad and «ara dotaralaad ca a 
KBfflar aot ataga apparatua. Micro aaalyaaa «are detaralaad by 
Nra 6 Barry at Stlrllag Uolvaralty.
iJb2
Pr«p«rtlcn of l«Yoaluc«»— n (10)
•) Fyrolyl» of «tarch^
Oranrdrlad b sIm  atarch (■^ 50 |^) «aa placad In a «Ida-aackad 
round-bottoa flaak (500 al). Á coolcal flaak la aa lea batb aaa 
attacliad to thla vía a «Ida ton slaaa tuto aad tlia ayataa e n cuatad 
uadax «atar |iuap praaaun.
Xha atarch «aa ttoa pyrolyaed ualat a lualaoua jallo« tonaan flaaa 
for 30 alúa. Iba ooUaetad brava dlatlllate «aa dlaaolnd la aeatoaa, 
traaafarrad to a rouad tottoa Uaok aad coaeaatntad. Ibe raoultlag 
ajrup «aa aaaotropad «Itb a o n  aeatoaa (2x50 ala), dloaolvad la a alnlana 
quaatltj of «ara aeatoaa aad placed la a fraeaar onralsbt.
If ao cryatal1laatloa bad oceurrad, tbe ajrup «oa bouad oata alllea 
■al (60-120 aaoh), ttaa reaultlag fraa floalag poador «aa thau pourad «ato 
a «»«I**«”  of oUlca (18x5 ea) «Ith a oaall baad of aolvaat obova It.
Oaea ttaa oaaple «aa loadad ttaa coI u b b  «aa alutad «Itta lOZ MaCH/OOZ 
BtQ&e. Ihe latar froctloaa jlaldad elaoa crjatal1loa loroslucoaaa (^1.5 
ipa) op 170‘*C. (Ut^ op 172**) U c  aoblUtj la lOZ Na0H/90Z XtOdc 
«aa Idaatlcal to oa auttaaatlc ooapla Xf *0.1.
2b) Hydrolyala of phaayl B-P-xlucopyraaoalda
Fhaajl B-D-slucopjraaoalde (10 |^) «aa dlaaolrod la 1.3N potooalua 
Iqrdroxlda aolutloa (500 ala) aad rafluxad oyaralsht, tic oaaltorlag (90Z 
XtOdc/lOZ MaOH) ladlcatlag a coi^lata raoctloa.
Ttaa raaetloa alxtun «aa eodad aad ttaa pX odjuatad to 3.5 «Itta 
1.5M aulptaurle acld aolutloa ( 78 ala) ttaoa It «aa «yaporatad to drjaaaa 
oxeotroplas «Itta attaaaol If aaeaaoorj. ttaa crjatolUaa raaldue «aa 
extractad «Itta aevaral portlooa of taot attaaaol aad fUterad to lean ttaa 
uoMoatad aodlua oulptaata.
Iba coablaad fíltrate «aa ttaaa eoocaatratad aad ncrjatalUaad froa 
attaaaol ( 20 ola) to jlold loTOglucooaa (4.5 cae, 65Z).
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c) tt2 B_^UC0W •
I) P«nf-0-*c«tyl- 8-P-«ltteo»yriBo— ^
A ■uspaaaloa of aalqrdrou« oodlua aootat« (30 vu) In ncntle 
•nlqrilrlda (700 nln) in n 2~Utrn round~botc«a flnak vna ovnx n
final CO Itn bolUn« point. A portion of a-D-gluconn (3 |pn) fcea a 
larsnr aupplp (100 ipn) ann nddad and vlthout ahakln«, tin ««-fc ana 
hnatad cacafuUy at tba point naacaat tho aucar lylnc on tba boCtoa. 
Initiation of tho enaction ana ladlcatad bp continued bolUna after 
raaoral of tlio flaaai tha flaak ana than placed on a cork ring and tha 
raaatiidar of tha o-D-glucooe naa added in mill portlona to tha
bolUag taaparature of tha nizture. Oecaalonallp tha flaak ana «>««>«» 
to praaent an aocunulatlon of aoUd augar on the botton. If the 
reectlon acopo It ahould ba aterted again bgr before nore
augar la added to the flaak. After tha addition of all tha augar and 
after tha reaction bad aubaldad, the aolutlon ana brought to a full 
boll. It ana than cooled and poured alth atlrrlng onto cracked Ice (2 
Utrea). After a tending for 3 hra with oocaelonal atlrring the 
crpatalUna naterlal ana fUtarad with auction and naahad alth cooled 
anter. kecryatalUaatlon fron ethanol folloaed bp fUtratlon the 
aolutlon had cooled to roon tanperature, pielded B~D~glucoppranoae penta 
acatau, np 128®-131®, (llt^ np 132®C).
I I ) Phenyl tetra-o-acetyl-a-D-nlucopyranoalde*
To a aolutlon of p-toluane aulphonlc acid nonohpdrata (0.73 0 w) la 
n n m  phanol (30 $ftm) ana added pente-o-acetpl-B-I>-gluco^aaoae (38.3 
0 M). The flaak ana fitted with e caplUarp tube and arranged for 
dlatUlatlon. Iha alztura ana heated atronglp on a ataan bath itmt«!- 
reduced preaaure ( 20an Ug) for 30 nlautea after tha Uquld began to 
dlatUl, than under 10-12an Hg praaaure for 13 nlautea. At «•»»■«- point 
dlatlUatlon aaa Incerniptad and a aolution of aodlun nydroxlde

1 a 613 »4~Dlanhydro—2"0~p*tolu»n— u Iphonyl— ^*ctoprranfni^ (9)
lAToalucoaan (10 « u  dlaaolvad la pyrldla* (SO ala) aad eoolad 
to 0**C. A solutlOD ot p-toluaaa sulphooyl chlorlda (24.4 ^a) la 
ehlorofoca (100 ala) aad pjrrldlaa (70 ala) aaa tbaa addad dxapalaa. Zha 
raaultlag aolutloa aaa aataad to rooa toaporatuxa aad atinad lar 2 daya.
Matar (10 ala) aaa addad aad tha reaultlat aolutloa atinad for
2 hra. Ihla aaa tbaa aaaiiad altb aatar (10 ala), SZ aulphurle acld 
aolutloa (SalOO ala) aad flaally alth aatar (100 ala) acala. Iba 
orgaalc aolutloa aaa tbaa drlad (MsSO^), fUtarad aad coacaatratad to 
loara cruda '* i*~*"**T“'**‘*-’i^ -*‘*-**-r~*'*‘''”■— ***••''r*^r’-^r-ClnriTrjTanffaa aa 
a ajrup.
Ihla «aa dlaaolvad la oltbor rtlrhlnmaarhana or chlorofora (2S0 ala) 
aad to tbla a SZ aodlua aatboslda aolutloa (100 ala) «aa addad 
dropwlaa. Iba raaultlag aolutloa «aa atinad at rooa taaparatura 
oraralgbt durlag «hlcb tlaa a «taita praclpltata appaarad. Iha raactloa 
«aa quaacbad «Itb «atar (SO ala) ao tba praclpltata dlaaolvad aad tbaa 
tba ptaaaaa «ara aaparatad, tba aquaoua ptaaaa balag «aabad «Itb aovoral 
portloaa ol dlcbloroaatbaaa (3x10 ola). Iba coablaod orgaalc axtracta 
«ara drlad (NgSO^), fUtarad aad coacaatratad to laava tba cruda 
cryatalUaa aatarlal. Sacryatalllaatloo froa 4il aatbaaol/cblorofora 
gava aaadla-abapod cryatala of tba apoxlda (9) (9.7 gaa, SSZ) ap 
1S1-1S2“C llt*(l47®-14«®C).
1.6-Aabydro-2-o-p-toluaaaaulpboovl-4-daoxy-4-(2-propaayl)-g-I>- 
glucopyraaoaa* (6)
¡aj baxaaa-«aaaad aagaaalua t-nmtngM (20 gpa) «ara placad 1a a 
flaaa-drlad flaak uadar altrogaa aad auapaadad la dry totralqrdrofuraa 
(2S0 ala). A la« cryatala of lodlaa aad atbylaaa dlbroalda (0.2 al)
«ara addad aad tba auapaaaloa atlrrad aacbaalcally uatU tba lodlaa
JLM
oolouratloo had gooe. It «aa than ooolad to (carboo
tatrachlorlda/dry lea batta) and a aolutlon o£ allyl broalda (7.6 gaa) la 
Arj cacrabydrofuraa (20-30 ala) «aa addad dropalaa ovar 1.3-2 houra, aad 
tbaa tba aixtura «aa atinad lor a lurtaar 0 .3 boura.
Iba raaulclag aatalllc gray coloutad aolutloe praparad aboaa aaa 
addad dropwlaa to a aacbaaleally atinad auapaaaloa of tba apoalda (9) 
(3g) aad coppar(l) lodlda (Ig) la dry tatralqrdrofuraa (30 ala) at 0°C 
uadar altrogaa. Ibarlag tba addltloa tba auapaaaloa aaat yallow «•>»»" 
aaaatually black. Iba raaultlag alatura waa tbaa atlrrad ovaralght at
2M byorocalorlc acid (12 al) m a  addad dropalaa to tba cold atlnad 
dolutloa, ao tha aolutloa aaa acidic. Xha raaultaat aupataataat
layer aa» thaa dacaatad froa tba black graaular precipitata. Iba 
precipitata aaa aaab^ with aaall portloaa of dlcbloroaathaaa aad tha 
coablaad orgaalc fraetlaaa coocaatratad. Iba sludgy raaldua aaa 
extractad by maalag with savaral portloaa (3x20 ola) of 
dlcbloroaatbaaa. laa coabload orgaalc fractloaa aara «-»»a.« waabad alth 
brlae (2x20 ala) drlad (NgSO^) aad coocaatratad to aa oli.
Too cruda oli aaa aoraally procassed turougb tba aaxt stage altbout 
further purification. Uomver, It aaa aasUy purlflad bf coluoa 
cbromtograpby. Coluan caromtograpby using silica gel (JUOg, K93b3) 
aad eluting alth chlorofora/ethyl acetato (19:1) Increasing to (88:12) 
yielded pure l,b-aabydro-2-0-p-toluenesulpdooyl-4-deoxy-4-(2-propeayl)- 
O-D-glucopyranose (8) (3.7g, 64Z) ap 63-68°C (lit** op 63-67*’). 
1.6:2.3-maah]fdro-6-daoxy4-(2-propanTl) M I) oanao-pyranosa (7)
Iba cruda o U y  residue froo tha pravlaus praparatloo aaa dlsaolvad 
la dlchlorooatnana (100 ola) aitd 3Z sodluo oathoxloa solution {M ala) 
aaa addad dropalaa to the stirred solution at rooo taaparatura. After
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addition U m  raaultlag aolutlon naa atlrxad ovaxnlcbt.
H m  alxtura «aa than quanchad «Itli «atar (20 ala) to dlaaolva tha 
«Uta praclpltata. Ilia phaaaa «ara aaparatad and tha aquaoua 
«utaad wltli dlcUoroaathaaa (2x10 ala). Iba coabinad or«aUc axtracta 
«■ra drlad (HgSO^), fUtarad and concaatratad. Iha cruda oil «aa 
bound onto aillca, placad on a coluaa (10x3 ca) and alutad at 33 
«1th lOZ atbpl acatata/90Z to ylald
1.6-2,3-dlanhydro-4-daoxr-6-(2-propanyl)-b-I>-aaiBiop]rraaoa« (7) (1 .6
apoUda (9))aa a allghtly yallo« oU. Ihla «aa for
furtbar ayntbatlc work. bouavar, analytically pura aatarlal «aa 
obtalnad by Kiigalrobr dlatUlatlon.
^  MMl (360 M U ,  CDCl^)
«3.76-3.8« (IH. a. -<ai-C, J-7, 10.4, 17 IU),3.63 (IH, dd, H-1, 
J-3.2, 0.3 Hx), 3.U-3.17 (28, a, C-CH^ J>10.4, 17 Ba), 4.22-4.24 (18, 
a, 8-3, J-1.2 , 0.3 8x), 3.68-3.73 (28, a, H - 6 ^ ,  6__^^).3.33-3.33 
(18, a, 8-2, J-3.9, 3.2, 0.7 8a), 2.93-2.94 (18, a, 8-3, J-3.9, 1.2 8a), 
2.29-2.34 (28, a, -Ch^-C, J-7.3, 7 Ma), 1.98-2.03 (18, bt, 8-4, J-7.3 
8a)t
13„ (CDCl^)
«135.4 (C-8), 117.8 (C-9), 98.2 (C-1), 71.2 (C-3), 68.6 (C-6), 30.4 
(C-3)*, 33.9 (C-2)*, 39.2 (C-4), 33.2 (C-7).
*lntarcbaaaaabla.
18 (naat) 3070, 1640 ca~^
MS, a/a found 123
anal, caled for CjO^b^ (168) C, 64.31 8, 7.1Z, found C, 63.0Z 8, 
7.4Z
lu: (30X StOác/baxana) Kf *0.46.
I M
nation of 1.6»2.3-dl«ihydro ♦-<«op~4-(2-prop«nyl)-l»-P ■■lao 
pytaao—  (7)
a) laaatloc wltli potaaal« hydroaan fluorlda^
Iba apozlda (100 ag> O.i b o I) aaa <liaaolvad In dry atbylana glycol 
(2 nla) and potaaalun hydxogan iluorlda (230 ng, 3.2 anol, 6 aq) naa 
rlna^ In wltn nora athylana glycol (2 ala). Itaa alxturo aaa baatad to 
cafluz ta^iacaturo and tba caaultlng aolutlon rafluzad for 2 iioura, tic 
(23Z KtOAc/baz) Indicated that aoat of tha atartlng aatarlal had baan 
conauaad.
Iha roactloo mixtura aaa coolad and pourad Into a 3X potaaalum 
blcarbonata aolutlon (10 nla). Tha aquaoua aolutlon aaa than extractad 
with dlchloroaathana (3x10 nla). The organic axtracta aara dried 
(MgSO^), fUtarad, and bound to alUea for oolunn chromatography. Ihe 
coluan (13x1 cn) aaa eluted alth 20X ethyl acatata/dOZ hexane and yielded 
10 1^  (<10Z) of auapactad fluorohydrln along alth m»aroua noza polar 
conpounda.
b) haactlon alth potaaalun tluorlda/lB.croan.h complex
Potaaalum fluoride (200 ng, 3.4 amóla) and 10.croan.6 (910 mg,
3.4 anola) aara dlaaolaad la nathaaol (10 ala). After a faa mlnutaa 
atlrrlng the aolutlom aaa eaaporatad to dzyneaa, axaotropad alth banxana 
(2x2 nla) and than placed at 4U**C under reduced preaaure ( 0.3am Ug) 
for 1 hour.
Acetonitrile (10 ala) aaa added to the coaplex (4.9 eq) ahora and 
the alxture brought to raflux taaperatuza. Iha epoxide (100 nga,
0.3 aaul, 1 eq) In acatonltrlla (3 ala) aaa added and tha aolutlon 
refluxed, and monitored by tic (30Z gt0Ae/30S hexane). Refluxing for 
five daya produced no change.
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e) 8— ctlon wlttt t«tr«butyU»onlf fluorld«*
TattabutylUBonluB iluorld* (1 3.13 Mola, 6.3 aq) «aa aal«bad
aad placad Into a round bottoa flaak undor raducad praaaura (0 .3 an H«) 
for about fortp houra.
Iba flaak waa tbaa fluabad ultb altrogan aad dry acatonitrlla 
(3 ala) addad. Iha apozlda (100 mg, 0.3 anol, 1 aq) dlaaolvad la 
acatonitrlla (2 ala) aaa alao addad and tba alztura aaraad to rafluz 
taaparatura. Iha raaultlng aolutlon aaa than rafluzad aad aonltorad bgr 
tic (30Z StOác/30S banana) ovar aavaral dapa. In uhlcb no 
alqnlflcant chanca vaa obaarvad. 
d) Ramctlon with caaalun fluorlda and al»»<"«un
Caaalua fluorlda (300 i«, 6 .6 aq) naa placad la a flaak 
raducad pmaaura for aavoral houra. Tba flaak vaa t-h—  fluabad with 
nltrogan and dry tatrabydrofwan (3 ala) uaa addad. To »•»«<« waa addad 
flrat tba apozlda (100 ag) la tatraiqrdrofuraa (2 al) tba« alualnlua 
trlcblorlda (2U0 ag> 2 aq) alao In tatrabydrofuran (3 ala). Ida 
raaultlng auapanalon waa atlrrad at rooa taaparatura undar nltrogan and 
nonltorad by tic (30Z ktaac/30Z banana).
Aftar alz daya, 3Z aaaonlua cblorlda aolutlon waa addad until tha 
praclpltata bad dlaappaarad, than tba aquaoua pnaaa waa aztractad with 
chlorofom (3zlU ala). Tba organic aztracta wore dried (HgSO^), bound 
to alllca and cbroaatograpbad. Iba coluan (lOzl ca) waa elutad with 20Z 
etnylacatata/80Z hazaña and gave a aaall quantity of atartlng natarlal 
followed by tha aajor product. Spectral data clearly Indicated that tba 
epozlda bad bean opanad, but It waa not coaalatant with a fluorlnatad 
coapound (no C- F coupling). It waa tberafore tantatlvaly 
aaalgnad aa the cblorohydrln (36).
an Identical ezparlnent ualng potaaalua fluorlda/lS.crown.6 coaplaz
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(6 «q) «ad «luaiiiluB trlcblorld* «Iso produced ClM m m  cwpouad.
^  NMl (90 Mite, CUCl^ )
(2H, a, U-1, -CH-C), 3.3-S.l (2U, a, C-CH2), 4.3 (IH, bd,
“ -** •'5 ,6  .* 0  * ^ “ • “ - ‘ •Ddo* '» « « lo , «xo * '•
4.0-3.73 (3H, a, H-2, H-3, H-6^ ). 2.93 (IH, d, -OH), 2.3 (2H, bt,
-CHj-), 1.« (IH, bt, H-4).
NHH (ClKlj)
<133.6 (C-H), 117.8 (0-9), 102.1 (0-1), 74.7 (0-2)*, 72.6 (0-3)*, 68.6 
(0-6), 38.8 (C-3)*, 44.2 (0-4), 36.3 (0-7),
*latarcaaiisaablo
IH (aa«t) 3430 broad, 3070, 1640 ca~
MS, a/a foundi 169.
-1
a) Baactloa with hidroatafluorlda-pyrldlaa coaala»
A aaall polypropylaaa rial with a aafoatlc stlrrar wms fitted with a 
saptua aad eooiad to 0**C. The uydronenfluorida-pprldlaa coaplez 
(lUO 111) In chlorofora (1 al) eoa ayrlocad Into the vial then the apozida 
(100 age) la chlorofom (1 al) waa added dropwlaa over fifteen alnutas. 
Mooltorlnf ^  tie (30X Bt0Ae/30Z basane) ahoiind no ehauHe after 2 houra, 
so the solution wss axloeod to vara to rooa fsaperature sad stirred 
ovemlcht. Since there wss still little change, a large excess of 
coi^ex (1 al) was added.
Piva hours stirring resulted in consuaptlon of the starting 
aatarial, so ths reaction waa worked up bp addition of saturated sodlua 
bicarbonate solution (3 als) aad extraction with chlorofora (3x3 als).
Iha organic extracts were dried (MgSU^), filtered, and bound to silica 
for chroaatography.
The coluan (12x1 ca) wss eluted with 202 ethyl acetata/80S hexane 
and gave one aajor coapound, which was tentatively assigned the structure 
(39).
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^  N m  (90 )Hs, CDCl^)
S5A (IH. bd, H-1), 4.3-S.2 (3H. ■). 3.0-3.9 (3b. ■). 1.6-2.7 (4b,a} 1.33 
(3b. q. -Cb^. J - 33.7. 6.7 Hs).
MS ■/• fouadt 149.
í) 8— ctloa wlth «lualnlua ttlfluorldb «ad m w lúa fluorld»
Alualalua trifluorida (200 aq. 2 aq) aaa «alfbad out uadar nltrogaa 
(Clora bag).
Caaalua iluorlda (1 .1 ip. 6 aq) aaa addad aad toa alxtura placad 
uadar a poaitlra pcaaauxa of altrogan. Tila apozlda (200 1 aq.
1 aaol). dlaaolvad la dry tatrabydroturan (10 ala) aaa addao aad Uia 
raaultlaa auapaaalm atlrcad at cooa taaparatura aad aoaltorad bf tic. 
(302 btQ4c/30S baxana).
Savaral daya atlrrlaq producad ao cbaasa. 
g) laactloe wlth tatrapbaaylphoapliOBlua hydroaaa dllluorlda
Ph^PbT^ (30 ag) aaa driad at 70**C uadar raducad praaaura for 
20 iMura. Tila flaak aaa tluaiiad alta altrogaa aad cha apoxlda (10 ^ )  
la fraably dlatUlad acatonltrlla (2 ala) aaa addad. Tbm raaultlag 
aolutloa aaa atlrrad at roca taaparatura aad aoaltorad by tic (302 
KtOdc/302 Haz).
Taaaty-tour aoura atlrrlag. folloaad by oararal daya ralluzlag. 
producad ao chaaga.
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2- D»q«r-2-fluoro-»-A«<aar-4-(2-prop«nyl)-a-l)-«lucopyr--rt^  »H~ll
A 111 w/w alxtur* of potaasiua hjrdrogaa fluorlda (10 IP) and 
potaaalup lluorld* (10 |p) drlad ovax P^O^ at raducad pcaaauxa «aa 
anapandad ia dry athylaaa glycol (100 ala) uadar altrogaa aad brougat to 
cafluz, tbua canalng tha aalta to go lato aolutloa.
Zba apoxlda (5 |p), auapaadad la dry atbylaaa glycol ( b ala), aaa 
tliaa addad dropiilaa througb a aoptua to tiia rafluxlag aolutloe. Tha 
caaultlag bcoaa aolutloa aaa raflimd for 2.5-3 houra, than cooled to 
xoca taapacatura aad ituaacbad aloaly wltb 5X potaaalua blcaxboaata 
aolutloB (100 ala). Ihia a u  than thoroughly astractad with 
dlchlornaathaaa (5x20 al) aad tha coabinad organic axtracta 
(HgSO^), fUtarad, coocaatratad, aad bouad onto alllca. Xha aatarlal 
waa than apllt lato two fractloaa and each enroaatographad la tha 
foUowlag aaaaar. Iha coluaaa (10x3.S on) ware elutad at 33 ala/ala 
with 13Z ethyl acetate/ttSZ haxaaa to ylald, la total 2-dooxy-2-fluoro-<4- 
daaxy-A-(2-propanyl)-g-l>-glucopyranoae (2.69 pa, 40Z) aa an oil. Ihla 
waa uaually wall aaparatad froa Ita reglo laoiar l,6-aahydro-3-daoxy
3- nuoro-6-daox]r-4-(2-propaayl)-g-l>-altro pyranoaa (0.73 13Z) a
cryataiUna aatarlal apt 101-102°C. Analytically pura aaaplaa wara 
obtalnad by Kugalrohr dlatUlatloa for tha 2-fluorobydrla (6) and 
racryatalUaatlon froa atuaaol for the 3-fluorohydrla (40). 
2-fluorohydrla (6)
Nltt (360 tSU, CbCl)^
«3.72-3.84 (Ih, a, -Cht, J-7, 10.3, 16.9 Ux), 3.33 (IH, t, M-1, 
•Il,^"1.5, j-1.3 Hx), 3.10-3.16 (2H, a, C-CB^, J'10.3, 16.9 Hx),
4.43 (IH, bd, H-3, J - 4.9, - 0.7 Hx), 4.24 (IH, dd,JfO exo PIMlO
H-2, Ji,2-l.i, hx), 4.03 (IH, dd, H-6^ ^ ,  ^„-0.7,
''axo,aa00 " Hx),3.71-3.78 (2H, a, H-6^^, H-3), 2.33-2.4 (2H, a.
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I— ctlOM of 2-d<o«y-2-fluoto-i-<«o«y-4-(2-propmyl)-»-D-alucopymittt (6)
•) Wlth tlfnlua ftrachlorld«^
Zh* fluorohydrla (7 ■■■) w u  dlasolvad la trlfluoroacatle acld 
(1 al) aad brau«ht to rafluz. Tltaalua tattachlorlda (100 id) «aa thaa 
addad aad rafluzlag coatlauad íox aaotliar thzaa lioura. Iba aalutloa aaa 
coolad, aathaaol (2-3 ala) addad aad tha alztura atlrrad thaa 
coBcaatratad. TLC aaalyala wlth (30Z EtOhe/hazaoa) aad 90Z 
EtOfce/hazaaa) ladleatad raaldual atartla« aatarlal alaac *lth aaaaral 
othar produeta.
b) Wlth tltaalua tatrabroalda^
Zha fluorohydrla (9 a«) aad tltaalua tatrabroalda (03 at, addad 
uadar N^| tha flaak waa thaa aaalad aad zawalchad) «ara placad 
to|«thac la a flaak uadar a poaltlva praaaura of altrogaa.
Trlfluoroacatle acld (1 al) «aa addad and tha alatura «aa rafluaad for 
thraa hot..'a.
The aolutloa waa coolad, aatnaaol (2-3 ala) waa addad and tha 
alztura atlrrad and than coacantratad. Tic aaalyala uala« both (30Z 
EtOtc/hazaña) aad (73Z EtOAc/hazana) onca ahowad a alztura of
aavaral produeta.
e) Wlth palladlua(ll) chlorlda/acatonltrlla coaplaz^*
Palladlua(ll) chlorlda (1 1 a(a) waa addaa to acatonltrlla (2 ala) 
and tha alztura rafluzad to fora a yallow aolutlon. It waa ♦•»»«" ooolad 
aad ahlaldad froa tha Hgh»-
The fluorohydrln (30 ag) waa dlaaolved In acatonltrlla (1 al) uadar 
nltrogen. To thla aa allquot (1 al) of tha aboza aolutloa aad watar 
(0.3 ala) were addad aad tna raaultlng aolutlon atlrrad at rooa 
taaparatura aad aonltorod by tic (30Z EtOke/hazoaa).
Altar two waaka atlrrlag, cubataatlal aaounta of atartlag Mtarlol 
«ara atUl praaant, aloag wlth auaaroua othar producto.
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d) Mlth pailadluadl) clilorld«/«c«tooltrll« ccapld» In «otop«^*
I M  roaainins aolutioa of coaplaz froa tba pravlou* «zparladat a u  
coDcancratad co laava a yailow cryatalllna aolld.
Tala M U  dlsaoivad in aoatooa (2 ala) and addad to Cha fluoronydrto 
(37 ag) diaaolvad In acatooa (1 al) and watar (0.3 al). Itia raaultlng 
aolutioa waa atinad at rooa taaparatura and aoaitorad by tic (3üS 
Et0ác/30X baxana).
Aa witn tna pravioua azpariaant, altar too aaaka atirring, raaidual 
atarting aatariol «aa atill praaant along witn a platnora ot othar 
producto.
0) Witn Aabarlyat 13 In aatnanol^
Actlvatao aabarlyat 13 (30 ag) waa placad in a floaa driad floon 
undar nitrogan. Iba fluorobydrin (30 ag) in dry aatnonol (2 ala) waa 
addad and tna aiztura rofluxod and noalcorad by tic (3bX gtOac/30X 
baxana). Forty olght boura rafluxing abowad no changa.
1) Xnaction witb aqueoua nydrocnloric acio
ina fluoronyorin (10 ag) waa diaaolvad in a lil aixtura of 
acatooitrila and acid (1 al). (Acld atrongth waa variad to próvida 
aolutiooa oi O.03h, 0.3H, IM and 3M.) Tna ooluticoa wara rafluxao and 
aoaitorad by tic (SOX btUác/hexone).
Por tba tnraa diluta acia aoiutlooa, ooaa roactloo nad occuriod 
afear 2-3 daya rafluxing. Howavar, furtbar prolongad roactloa tlaaa 
nevar drove tna raaction to cooplatlon.
Roactloo witn tba 3M acld aolutloo produend auaaroua producta. 
g) Raactloo witb organic acld^^
i) Tba fluoronydrln ( 12 og) waa diooolvad in trifluoroocetic ocid 
(1 al), watar (2u0 vi) waa addad, and tba aolutioa baatad at 9U*C for 
twaaty four noura. Tba aixtura waa toan coolod, coocontratad to drynaaa
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aad dlasolvad la ehlorofota (1 al).
Aaalyala by tic (73Z StObc/bazaaa) ihowad loas of atartlac aatarlal 
with oa* aajor nav apot. Hovayar, ttaa polarity of tbia aatarial aaa 
lacoaalataat with a hydrolyala product.
I I ) Iha fluoro^rdrla (8 u() aaa dlaaolaad la 111 t/y alxtura of 
aathaaa aulphoolc acid aad aatar (1 al) aad tbaa haatad at 130*C for 
thirty alautaa. Tha aolutloa aaa coolad aad aaturatad aodlua 
biearbooata (3 ala) addad. Tha a^uaoua aolutloo aaa aatractad alth 
chlorofora (3x1 al), aad tha coablaad organic phaaaa thaa drlad, fUtarad 
aad coBcaatratad to 1 al for tic aaalyaia (30Z KtOhe/haxaaa or 90S 
BtQ4c/10X MaCH). Ihla alao ahoaad a aaa coapouad alth a polarity 
alallar to tha ooa praparad la tha pravloua axparlaaat.
III) Iha fluorohydrla (90 aga) aaa dlaaolaad la 111 t/t 
aathaaaaulphonlc acid/H^O (3 ala) aad rafluaad for 2 houra. Tha 
aolutlOB aaa coolad aad 3Z aq potaaalua blcarboaata (20 ala) aaa addad. 
Iha aolutlon aaa axtractad alth chlorofora (6x10 ala), dxlad (MgSO^) 
fUtarad and than bound to alllca for chroaatography.
Tha coluaa (12x1 ca) aaa alutad alth 3Z athyl acatata/haxana 
Incraaaiag to lOZ athyl acatata/haxaaa aad gaaa tha aaa product (30 i^) 
contaalnatad with a aaall quantity of atartlng aatarlal (tic). Thla 
coapound aaa tantatlvaly aaalgnad atructura (81) baaad oo llaltad 
apactral data.
(81)
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AMtolyl« of 1.8~«nhydt«-2-d«o«y-2-fluoro-4-8«OKy » (2-prop— t1)-8-I>- 
«lucopyrmao—  (6)^^
Iba fluorohydrla (6), (250 ■() «aa dxlad by asaotroplag «Ith baaaaaa 
(3x5 ala) thaa dlaaolvad In fxaaaly dlaciUad acatlc aabydxlda 
(2.5 ala). To thla aaa addad a alxtuxa of dxy acatlc aat^drlda 
(2.5 ala) aad pacchlorlc acld (10 vi). Iba xaaultla« aolutloe tucaad 
daxk broaa la colour aad aaa atlrtad at roca taaparatuxa ovacal«ht.
Saturatad aodlua blcaxbcaata aolutloa (10 ala) aaa addad aad ttaa 
aolutloa atlrrad for 0.5 bour, tbaa axtcactad aitb cblocofoia 
(3x10 ala). Iba ccablnad orgaalc axtracta aaxa dxlad (HgSO^), 
fUtaxad, coacaacxatad aad aaaotxopad wltb toluaaa to raaoaa aay xaaldual 
acatlc aalqpdrlda. daalyala by tic (502 Ktbyl acatata/taaxaaa) aboaad oaa 
aajox ccapouad alth acTOxal aloox coaatltuaata. Iba xaaldoa a u  tbaa 
bouad to alUca aad cbxcaatograpbad. Iba " (8x1.5 ca) aaa 
altb 102 atívlacatata/902 baxaaa to (lao tba aajox coastltuaat (300 
602) ahleb aaa apactxoacoplcally cooalatut altb tba aaoaaxlc txlacatata 
atxuctuxa (83, 86).
^  N W  (90 MU. COCI3).
«6.35 (Ib, d, H-1, J-d bx), 3.5-6.1 (8b. o, b-2, b-3, H-5, b-6 ,ttsoycoao
-Cb*C, l*>-3.0 (12b. a, b-6, -<»2. 3xOáe).
NMl (COCl^)
«169.9, 169.6, 168.3 (3xC-0),132.3 (C-8), U7.6 (C-9), 88.5 (C-1, -
21.7 bx). 87.6 (C-2, - 192.6 bx), 70.3 (C-5)^68.8 (C-3, -
17.6 bx), 62.6, (C-6), 39.3 (C-6, - 6.1 bx), 30.2 (C-7), 20.2
(-CH3).
- 1Ib (aaat) 1760, 1660 ca 
NS, a/a fouad 273, a'*’ - Cb2C02 
ILC (502 It06c/502 baxaaa) bf >0.36.
179
Daprofctloo oí tbm trlaoft—  (83, 84).^^
ZIm  trlac«tat«a (300 ■•) w r *  dla*«lv*d la Mtliaaol (13 ala) «ad SX 
■«dlUB aatlMKld« aolutloa (3 dzopa) addad. Ilia raaultlag aolutioa aaa 
atlrzad at ro«a taapacatuxa uadar altxoaaa. Aftax <lva boura tie (30Z 
BtOAc/haz) ahoMd ao atartla« aatarlal aaa laft. Ilia solution naa 
aautrallaad with Aabarllta IB 120 h '^ taala aad fUtaxad tbrouch a abort 
allica colaaa (4x1 ca). Iha flltrata vaa tbaa coacaatratad to ylald a 
aytup.
hi N M  (90MÍS, CDjOD), ahoasd oaly a aarlaa of poorly raaolvad 
aultlplata. Hoaavar, alaea tba acatata groupa «ara aot praaaat tba 
coapouad aaa taatatlaaly aaalgaad tba triol atructura balo*
HO
1.6-4iihydro-2-daoxy-2-fluoro-2-a-p-toluaaaaulphcayl-4-daoxy 4 
(2-propaayl)-8-D-xlucopyraaoaa (40)^
Ilia fluorohydrla (100 a«) aaa dlaaolaad la pyrldlaa (0.3 ala) uadar 
altrogaa. lo tbla a aolutlon of p-toluana aulpboayl eblorlda (410 4
aq) aad dlaathylaalaopyrldlaa (260 ag,4 aq) la cblorofoxa/pyrldlaa 
(1.3 al/1 al) aaa addad dropalae. Iba raaultlag aolutloa aaa tbaa 
atlrrad at rooa taapaxatura and aooltorad by tic. Altar five daya tbo 
reaction asa Incoaplata, ao tba alstura aaa aaraad to bO^C aad atlrtad 
for a furtbar 3 daya. It naa tbaa quaacbad wltb aster (3 ala), atirrad 
for 2 bours aad then axtraetad wltb cblorofom (3x3 ala). Iba 
organic extracta asre tban dried (MgSO^), filtered, bound to allica and 
ebroaatograpbad. Ibe coluan (10x1 ca) waa eluted wltb lOX ethyl
IMO
ac«tat«/9UX twx«a» at 4 ala Tilla (ava U m  raqultad toaylata
(6U) aa aa o U  (lUÜ ag« SSX).
Ntft (90 MU, COCl^).
<7.>7.8 (4H. q. aroaatic U), (2Ji. a, HHI, li-1), 4.95-3.2 (2H.
a, 0^ 2)* (2.SU. a, U-5, U-3, 0.5 U-2), 4.05 (U, d.
“■^ aiido* •'exo.aiido “  ^ («-SU. Ü-í H-2). 3.7-3.B5 (IM, a,
“-‘«lo- J5 .6 aao ■ Jaao.ando ' ^ “«>• »• -«“2.
-CHj), 1.75 - 1.95 OH, bt, B-4).
13,c NHd (cu :i^ )
•tic C), 99.0 (C-1, Jjjy -<134.5 (C-di, 129.0 (C-9), 131.5, 120.5 (a
40.3 Ha), 05.5 (C-2 Jj.j-181.4), 74.0 (C-5), 60.0 (C-6), 42.0 (C-4),
35.5 (C-7), 22.5 (-CH^).
IH (naat)t 3060, 1640, 1660 ca~^.
MS¡ a/a fouad 342.
HHMS; cale lor C^^^O^^O^SF 342.0930 aaaaurad 342.0950.
TLC (SOX •chyiacataca/50X boaana) Xf «0.4.
1.6-Aaliydro-2-daoay-2-fliioro-3-0-aatltanaaulBOoayl-4-daoa»-4-(2-ptopanyl)- 
jt-P-alucopyranoaa (62)
loa fluorohydrln (100 ^ )  «aa dlaaolvad la a Itl aiacura of 
chlorofora and pyrldlaa (2 ala) uaaar alttogaa and ooolad to 0**C. 
MetbaaaaulpOoayl colorida (100 uX) «aa addad dropvlaa, toa raaultlojt 
aolutloo «aa allo««d Co «ara to looa toaparature aad atlrcad ovacalght. 
Tha appaaraaca of a «alta praclpltata «aa notad.
Matar (5 ala) «aa addad and tba alxtura atlrrad for 1.5 hra, toan 
astractad «Itb colorofora (3s5 ala), drlad (MaSO^), fUtarad, 
concantratad and aaaotropad «Itb toluana.
Kuoalrobr dlatUlatloo 12o\, laa U« pava tha pura aaaylata (62) 
(100 «a, 70X) aa an oU.
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'S! NhR (9U MU, CWU.3 ).
3.V-6.1 (28, a, B-1, -CU-C), 5.1-5.3 (2H, a, C-CU^), «.4-4.8 (2.58, a, 
H-3, 8-5 Ü.5 8-2), 4.15 (0.5 8, ba, U.5 8-2), 4.05 (18, d, 8-4^^, 
■'«xo,«alo ■ ' “*>• 3.7-3.88 (18, a, H-6^^), 3.05 (38, ., -€83), 
2.35-2.55 (28, bt, -Chj-), 1.85-2.05 (18, bt, 8-4).
18 (naat) 3060, 1640 
NS; a/a found 266.
-1
HKMS; calc for C^ydj^O^sr 266.0625 found 266.0640.
H C  (502 bcoac/iiaaane) Bf ~ 0.3 (Idanclcal Co atartlns aaCarial).
1.6-Anbydro-2-d«08y-2-fluoto-3-0-trlfluoroaatnaoaaulp8ooyl-4-daeaor 4 
(2-proi>aByl)~8~P~itlucopyraiioaa (64)
Ine fluocobyarin (1 ipi> ¡ >81) waa dlaaolvad in dlcblocoaatnana 
(20 ala) undar oltroKan and ooolad Co 0°C. Pyrldlna (1.2 ala, 3 a^) 
waa addad, Clian Criflic anbydrida (1.34 ala, 1.5 aq) waa addaa dcopataa 
CO cba aclrrad aoluclon. Iba raaulcanc alzCuca ana aClrcad foe 3.5 bra, 
Clc aonlcoclng (50S 8CQ4c/bazana) indlcacto« a coaplaca raacClon.
Hacar (5 ala) waa addad and Cba nixcuca aclrrad for 15 alnuCaa.
Itw pbaaaa «ara aaparacad and Cba aquaoua pbaaa «aataad wlcb 
dlcbloroaachana (2x5 ala). Tha coabinad orqanlc axcraeca war« eban 
concancracad, asaoCropad wicb Coluana and bound Co alUca for 
cbroaaCoqraphy. Iba coluan (10x3 ca) waa aluCad wlCb SOX aebyl 
acacaCa/50Z baxana ac 35 ala/aln and ylaldad Uir rlflaca (64) (1.5 pw, 
85Z) aa a colourleaa oil.
Si NNR (80 Mix, CUCI3).
<5.05-6.05 (28, a, 8-1, -C8>C), 5.1-5.3 (28, a, 0-083), 4.85-5.0 (18, 
bd, 8-3 J3 p - 14 8x), 4.18-4.68 (18, d, 8-2, - 45 8x), 4.5 (18,
•»5,6«to ■ 5 “-•„uo* ■'axo,ando ' **»)•
3.75-3.9 (18, a, 8-6^,„), 2.5 (28, be, -CM^-), 2.0 (18, be, 8-4
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145.2 (C-0), 97.8 (C-1, Jg, - 27.2 Hs), 84.8 (C-2, - 183.2 Hs),
76.2 (C-3, Jjjy 32.5 Hs), 73.7 (C-5), 67.2 (C-6), 37.8 (C-4, C-7), 21.6
ILC (5U2 8CU4c/50X ttm a m ) Rf • U.b-0.2.
O»l<utloa of 1.6-anliy<lro-2-8«oaor~2-fluoro-3-0-— ttMiii>»ulBttooyl-4-d«fl«y 4- 
(2-prop«nyl)-l>-l>-klucopyr«i>o«> (62)
tbe MaylaCa (140 ■«. 0.52 Ml) and aodlua aat^arigaata (4o0 
4 a<i) vara auapandad In a alstura of carbon tacxacalorlna (2 ala) 
acatonitrlla (2 ala) and watar (1 al). Kutbaaliai tricnlortoa (5 a») aaa 
rlnaad In with «near (2 ala) and tAa raaulciaa blpoaaic atztura atlrrad 
vlgoroualy. Honltorlns by tie (50S Ktoac/daxana) anonod tbat tda 
reactioo waa coaplata afcar thraa boura. Iiatar (2 ala) aaa aidad, U m  
poaaaa vara aaparacad and tna aquaoua pbaaa aztractad wlcb 
dlcnloroaatbaaa (4x5 ala). Iha coablnad organic axtraeca aara dciad 
(HgSO^) filcarad and bound to ailica for ebroaatograpny. Tha coluan
(6x1 ca) was eluCad with atbyl aeataCa and aava tiia carboxylic acid (63) 
(100 asa> 66X) aa a cryat^Una coapound.
Si NMR (90 Mdx, CWa.^)
<7.3 (18, bs. COOi), 5.5 (IH, a, H-1), 4.55-4.75 (2.5H. a, 8-3, 8-5, 0.5 
H-2), 4.25 (0.58, a, 0.5 8-2), 4.15 (18, d, 8-6^ „ .  J„o,ando ’ ^
8x), 3.7-3.85 (18, a, H-o^^), 3.75 (38, a, -C83), 2.8 (28, d,
-083- ■’4,C8^ - 7 8x), 2.35-2.5 (18, a, H-4).
ILC (5UX bt04c/50X oexana) 8f - 00-0.13.
I M
Oaldatlcn of l.fc-aatt»dro-2-<i«o«y-2-fluor<»-3-0-trlfluoro— rhm«iulpl>eayl-
19♦-d«o»3r-4-(2-prop<nyl)-»-l^ alucopyrinoa» (64)
XtM trlflaca (l.ü «m , 4.A aH) and MdluB aataparlodat« (4.S gm,
4 eq) «aa auapandad in a Mixtura of carboa tatracblorida (12 ala), 
acatonltrila (12 ala) and «atar (10 ala). Butnanlua trlcalorida 
(lu at(a) «aa rlnaad In «Itii «atar (lU ala) and tba raaultlat darx bro«n 
biptiaaic alztura atlrrad vigoroualy for flva houra.
«atar «aa aodan to dlaaolva praclpltatad aodlua iodata and ttaaa an 
aqual voluae of dlcbloroaathana, and laopropaaol (3 ala) «ara addad and 
tnc Mixtura atirrad for O.b nour. Xbe bipnaaic Mixtura «aa tnan 
filtarao t-hrntigfa a calita pad iato a aaparatinc funnal. Iba pbaaaa «ara 
aaparatad ana tba aquaoua poaaa axtractad «itb dicbloroaatbana 
(3x20 ala). Iba coabinad organic axtracta «ara driad (NbSO^), 
filtarad, and bound to ailica for ctaroaatocraptajr.
Toe coluan (10x3 ca) «aa alutad «itb 30X atbyl aoatata/bUS naxana at 
33 ala/nin. and sava tba 2-fluorolactona (S9) (630 at, 63S) aa a «bita 
cryatallina aatariai.
Si NNK (360 Mia, COCl^).
«3.57 (m, d, H-1, J, • 2.43 Hx), 4.63-4.73 (1.5d, a, H-3, 0.5 H-2,A#*
Jj 2 - 4.9, J3 4 " 7.4, • 20.3 Hx), 4.6-4.61 (Id, ba, H-5),
4.49-4.31 (0.3b, a, 0.5 H-2, - 4.9, - 2.43, -
49.8 Hx), 3.82-3.HO (2H, a, H-6^^^^^^), 2.76-2.84 (IH, a. H-7 ,
J, - 16.2, J. , - 12.5, J« , - 3.02 Hx), 2.63-2.72 (IH, a,7^0 ^»7o *»/a
H-4), 2.42-2.49 (IH, a, H-7 , - 16.2, - 7.9, -
2.67 Hx).
13.C NMl (CUCI3).
tt73.9 (C-0), 98.3 (C-1, - 24.1 Hx), 63.0 (C-2, - 167.4 Hx),
71.7 (C-5), 71.2 (C-3
1.5 Hx), 29.7 (C-7).
(0-5), 71.2 (C-3, Jjjy - 16.2 Hx), 66.1 (C-o), 39.2 (C-4,
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l— ctloM oí 1.6-Mhydro-2-<Uo«r-2-fluog»-6-d«on-6-(c«rbMa>»»thyi««t)-8-
P-«ll0 h»»OPTtWO««-V-ltCtCB> (59)
•) Hlth iqrdroclU.orlc «cid.
Tha fluorolaccooa (10 mg) « u  raflund In IN MCI aolutlon (1 ■!) for 
tiizaa dajra. A «ork up oí eooliag, avaporatlac to dxjaaaa, and tlian 
dlaaolTlBg In Itl CHJCN/H2O alloaad tic aaalyaia (90Z StQAc/lOZ 
MaOH). Z U a  ahoaad no alMOlflcaat chanca in tha atartlnc nataxlal. 
b) Hlth organlc acida.
I) Iha fluocolactoaa (10 mg) «na dlaanlvad la SOS r / r  aquaoua nathaaa» 
aulphoalc acld (1 ni) and haatad at IIS-IIO^C lor thlcty alnutaa. Sha 
anlutlon «aa aautcallaad bp tha addltlon of Aabarllta U  AS caala. Thla 
woM than f U t a n d  off and tha taaldual aolutloa avaporatad to dcpnaaa. 
Aaalyaia by tic (SOS StOAc/hazana) ahoaad ao chanca la tha atartlac 
natarlal.
II) Iba fluorolactona (10 ac) dlaaolvad la IM aquaoua 
trlfluocoacatlc acld aolutloa (1 al), and cafluzad ovaralcht. Iha 
aolutloa aaa coolad and avaporatad to laava aa oUy raaldua, tic aaalyaia 
(90S BtOAc/lOS Mathaaol) ahimad ao choac» la tha atartlac aatarlal.
III) Tha fluorolactona (10 ac) vaa dlaaolvad la IN aquaoua trlfllc acld 
(1 al) aad ralluzad ovaralcht. Tha aolutlon ana coolad and aautrallaad 
wlth aaturatad aodlua blcarbooata aolutloa. Thla aaa than avaporatad to 
drynaaa and dlaaolvad la a 2tl H^O/CM^CN nlztura ( 1 al). Tic (90S 
BtOAe/lOS NaOH)) ahoaad no chanca la tha atartlac natarlal.
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Aotolyl» of 1.8-«iihydro-2-d«<iKr-2-fluor»-»-8«OMr-4-(cTbc»y - 
■ithyl«ii«)-fl-l^ «llo h«xopTr«noM-Y-^*rti?*w (39)^^
TIm  fluorolftctoM (200 ag) dlssolvad in acatle aaliydnda (3 ala) 
uadar nltrogaa. ParcUorlc acld (10 wl) a u  addad aad tba raaultlag 
aolutlm atlrxad oraralght at tooa taaparaCuxa. A colour to a
yalloalah aolutlon aaa notad aad tic (73Z athyl acatata/haz) ahnaail a 
coaplata zaactloa.
Matar (3 ala) aaa addad and tiio alztura atircad for 0.3 houra. Ttaa 
aquaoua aolutioa aaa aztractad alth chlorofoxa (3x3 ala), thaa 
organlc fcactiona aara «triad (MgSO^ ), fUtarad aad coacantratad.
Baaldual acatic anhídrido aaa raaoTod <m aa o U  puap or bj aaaotroplc 
dlatUlatlon alth toluaaa, tha raaatnlng gua aaa «•»»«" bouad to alUca aad 
chroaatographad.
Tha coluaa (9x1.3 ca) aaa alutad alth 20Z athyl acatau/haxana 
lacxaaalag to 30Z atl^l acatata/haxaaa aad gavo flrat a aaall quaatlty 
of an aa yot ualdantlflad coapouad foUoaad by tha aaoaaric acatataa 
(240 1«. 73Z).
Iba coluaa chroaatography abova cauaad a partlal aaparatlca of tha 
aaoaaric alxtura. It aaa aotad that tha latar fractloaa aara rlch la 
tha ñora polar anoaar and that thaaa cryatalUaad raadlly. tao 
auecaaalva racryatalllaatlona of thaaa raalduoa f n »  athaaol foUoaad by 
aaahlng alth athar provldad a pura aaapla of tha ñora polar A-anoaor (83) 
Mpt Ub-lU^C.
Tha aothar llquora froa tha rocryatalliaatlooa aara «•>»«" 
rachroMtotraphad ualag « coluaa (6x1.3 ca) alutad alth 20Z athyl 
acatata/haxaaa to próvida a pura aaapla of tha laaa polar o-anoaar (86) 
aa a ayrup. 
a-uoomn (83)
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35.0 (C-4), 31.7 (C-7), 20.7, 20.5 (2Z-CH3).
I» (CHCI3) 1780, 1740 em~^ .
P«profctlon of 1.8-dl-0-«c«tyl-2-<Uoxy-2-£luoro-4-«<^»T-4- 
(c»rb<aqrMthyl«n«)-a- «nd -a-P-«Uopyr«no— -nr-l*<»«-«^(85) (86)^^
ItM dlacat«t«a (240 ag) «tra dlaaolvad la aatliaaol (5 ala) aad a 
Mail quaatlty of a 5X acdlua Mtboxtda aolutloa m a  addad (5 dxopa).
Iba raaultlag jallowlaa aolutloa «aa atlrcad ovaralgbt at tooa 
ta^atatura uadar oltrogaa, tic (502 KtOàe/haaaaa) ladlcatlag tiiat tlia 
taaetloo aaa coaplata.
n a  aolutloa waa aautrallaad «Ith Àabarllta 18 120 raala, fUtaxad 
and thaa coacaatratad.
Furtbar tic (90X ktOâc/lOZ MaOH) aboaad taat a alztura of at laaat 
thzaa producta aaa pcaaaat, tbaaa prorad to ba loaaparabla bp 
cbroaatograptap. A c o I u m  (9x1 ca) alutad alth 792 atbpl acaUta/12 
■athaaol/202 baxaaa gava oalp poorlp raaolvad fractlona. Slaea It aaa 
lliialy taat tueaa coapounda aéra a alxtura of tba daacatylatad and 
aonoacatplatad lactonaa or poaalbly Mtbyl aatora, tba fractlona aura 
racoablnad and an acid catalyaad aquUlbratloa aaa attaaptad.
Acid catalyaad aqulllbrntloa of tranaaatarlflcatloa arodwu
Tba coablaad aatarlal froa tba pravloua azparlaant aaa dlaaolvad in 
dry tatrabydrofuraa (10 nia) and a faa cryatala of p-toluaaa auipboalc 
acid anra addad. Tba raaultlng aolutloa aaa rafluxad and aoaltorad by 
tic (902 atbylacatata/102 aatbanol).
Aftor flva daya ooly 00a Mjor product aaa praaant (tbla 
coaprlaad tao cloaaly runnlng apota <a tic),* tba aolutloa aaa coolad 
and aautrallaad altb Aabarllta IR 45 (08) raala. It aaa tbaa fUtaxad, 
coacaatratad and ctaroMtograpbad.
Coluaa (6x1 ca) alutlng altb 602 atbylacatata/392 naxana/12 Mtbaaol
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•■Ta tte Bajor ooapoiiaat.
Analyaia by tic and nnr Idantiflad this aa cos of tho 
tranaaataclflcatlao producto obaarvod pravloualy and it waa taatativaly 
aaalsnad the añonarle dlol strueturo (9b). this was confltnad by 
acetylation. Tba conpound abova ana dlaaolaad in dry pyrldlna (3 ala) 
and acatlc anhydride (1 al) «as addad drop«laa to tho coolod solution. 
Tula «aa atirrad for 2-3 hours, than «atar (3 ala) «aa addad and stlrrint 
continuad for a further 13 ainutas. The aizture «as than astractad «ith 
chlorofom (3x3 ala). Iho organic phases «era eoablnad than asaotropad 
with aaveral portions of toluene to rMove residual aoatlc anhydride, 
pyridine and «atar. the Isolstad coapound «as spactroacoplcally 
idantlcsl to the anoaarlc dlscetates (83) (bo). 
l.b-Anhydro-2-d«oxy-2-fluoto-3-0-a«th«Ba«uliihooyl-d-dacay-4- 
(aathyl «thano«t«)-tt-D-nlucopyr«ooaa (103).
The acid (63) (lUO ag) «as dissolved la dry aethanol (10 ala) and 
cone sulphuric acid (20 1) «aa addad. A saall quantity of aolocular 
sieve 3A «as added and the lalxture stirred overnight.
The solution «as filtered and tba aathanol reaovad in vacuo. Tna 
residua «as treated with sodlua bicarbonate solution (3 als) and then 
extracted with dichloroaethans (3x3 als). The organic fractions «are 
dried (flgSO^ ) filtered and bound to silica for chroaatography. The 
coluan (13.3x2 ca) «as eluted with SOX ethylaoetate/SOZ hexane at 16 als 
nln to give the aethyl ester (103), aa a colourless oil (SO ag, 47Z).
^8 NMR (220 Mis, CUCl^)
<3.32 (IH, bs, h-1), 4.38-6.7 (IH, a, H-3, J, _ - 13 Hs), 4.46 (IH, bd, 
H-S), 4.33-4.36 (18, a, 8-2, - 43 Ba), 4.6 (18, d, 8-6 ^_^_),
3.73-3.83 (18, a, 8-6^ ^ ). 3.72 (38, s, -OCH^), 3.12 (38, a,
SOj-Ca^), 2.73-2.8 (28, a, -CM^), 2.3-2.43 (18, bt, 8-4).
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U  (o M t) 171U ca~^.
l,b-Dl-0-Ac«tyl-2-d«o»y-2-flui>ro-3-0-— thu— ulplicayl-4-d«o»r-4-(— tlirl 
«th«no«t«)-tt M>d lt-l>-«lucopyr«i>o— » (106).
Itw u t a r  (105) (SO ag) «>• dlasolvad l a  « ca tic  aai^drlda (2 a la )  
uadar altrogan  aad p ard tlo rlc  a cid  (10 1)  aaa addad. Tb» ra a d ltlsg  
browi aolutlOQ waa atlrcad  ovarnlgtit.
Sodiua blcarbooata aolutloa (2 ala) aas aadad aad taa alxtuza aaa 
atlrrad for a furcliac 2 boura taaa aztractad with dlchlotaaathaaa 
(3x2 ala). Axaotroplc dlacUlatloa with toluaoa caaovad may caaldual 
acetic aahydrlde aad water to yield anoaatlc acatetaa (106) (60 age, 962) 
aa a colourleaa oil.
^  MMl (220 Hhx, COCl^).
«b.6 (d, d-1 ), 5.75-5.81 (a, U-U*), 5.1-5.3 (lit, a. H-3), 6.5-6.83 (IH, 
a, H-2, J, - - 68 Ux), 6.08-6.38 (3H. a. H-S, H-6,6'), 3.68 (38. a.
-OHe), 3.08 (3H, a. SO^-Me), 2.55-2.7 (2H, a, -C82). 2.25-2.65 (IH, 
a, h-6 ), 2.2 (S. , -06c), 2.15 (a, 8, -06c), 2.05 (3H. a. C-6. -06c).
IK (aeat) 1730 ca~^.
Attaaptad daprotactloa of dlacatata (106)
The dlacetata (106) (60 ag) waa disaolvad la aathaaol (5 ala) uader 
nltrogea. 52 aodlua aetaoxlde aolutloo (5 cropa) waa added aad the 
raauitlng yellow aolutloo atlrred overnight.
Toe aolutlon waa acidified with Aaberllte IK 120 raaln, 
filtered, concentrated and chroaatographed. The coluan (13x1 ca) waa 
alutad with 602 athyl acatate/602 hexane at 6 ala aln ^ to give oaa 
aajor coapound (10 aga).
Si NMK (220 M U  CU^OD) gave a acrappy apactrua of poorly 
raaoxved aultlplata. however, no aeaylete or aathyl groupa were 
praaMt. Since only trace aaounta of olaflalc aatarlal were preaant, 
the lactone atructure (98) waa taatetlvaly aaalgaad.
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^*^uctlOO of lj>-g^j|dro-2-damgr-2—
*-lH<llo iiMiopyrwio— -T-l«ctoo« (59)*®
Th* laetoM (59) (1 pt) d m  diaaolvad la a aiztura of tduaaa 
(25 ala) aad dlaatlKuqrMtluaa (6.25 ala) uadar altxogaa, vaxalat with aa 
air hlooar waa uaually raqulrad to gat taa lactoaa lato aolutloa. Tha 
aolutloa aaa thao eoolad to -70°C (dry Ica/acatoaa bath) aad tha 
dllaobutyl alualalua hydrlda aolutloa (7.5 ala, IN la toluaaa) addad 
^ F « l M .  Iha raaultlag aolutloa aaa atlrrod at -70°C for 2 houra, 
tic (50X Xtahe/haxaaa) ahovlag a coaplata raactloa. Nathaaol (10 ala) 
M a  added aad tha aolutloa waraad to rooa taaparatuxa, «•»«*" hrlaa 
(10 ala) aad athyl acetato (10 ala) aaro addad aad the atlrrad
for 13 alautaa. Xtaa alztura uaa thae filtatad through a aiutar 
directly lato a aaparatlag fuaael aad the uhlta precipitata aaa — t-r* 
coploualy with ethyl acetato. The phaaea were aaparated aad tha aquooua 
phaae waa waahed with further portlooa of ethyl acatau. Iha 
orgaalc estracta M r a  dried (HgSO^), fUtered aod bouad oato alUca for 
coluaa chroaatography.
The coluBD (10x3 ca) waa eluted with 6UZ athyl aeatate/haxaae at 
35 ala ala~* to glee the expected lactol (116) (750 ag, 75Z) aa a 
white cryatalllae aaterlal.
NMl (220 M U  COCl^).
«5.5-5.7 (2H, a, H-1, -CH-), 6.15-4.7 (3H, a, H-5, H-3, H-2), 3.8 (2H, a,
“ "*0X0, aado^' *** 2.5-2.75 (IN, a. H-4), 2.2-2.5 (IN,
a, H-7^), 1.85-2.0 (IN, a, h-7„).
U  (CUCl^) 3550, 3450, 3000 ca~*.
NS a/a fouad 190.
NBNS calc, for C^^ O ^ F  190.0641, fouad 190.0627 
78-81®C.
ZLC (75S Kt04c/25S Hex) Kf - 0.08-0.38.
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lit-iahydro-2-<>«o»y-2~fluoro-4-d>o«y-4-(6-c«rboG{T-fa«Mn-2-^ -Tl) «lio 
h^Mpyrano— (108) ^ '* ^
•) C«»r«tlon of dl— yl «odli»
Sodlua hydxtd* (1 |p, 302 dlaparalon la oil) «aa placad ladac 
oltcotaa aad «aabad with dry haaaaa (3al0 ala). h«..«.
raaovad by ayacuatloa of tba flaak to loara tba aodlua hydxlda aa a dry 
ftoa flovlag powdor. Nltropaa aaa ralattoducad lato tba flaak aad tha 
hydrlda aaa auapoadod la dry dlaatbyl aulphozlda (20 aU). Tha 
auapaaaloa aaa aaraad to M°-70°C aad atlrrad uatU ayoluUoe of 
bydrofaa bad eoaaad, usually 1.3-2 hours aaa aaough, tha raaldual sodlua 
hydrlda aaa alloaad to aattlo aad tha graoalsh yoUoa si^araataat uaod 
dlractly for taaaratloa of tbo phoaphoaiua yllda. 
h) CoaaratlOB of ohoaphoalua yllda
(4-Carbosy butyl) trlphoayl phoaphoaiua broalda (2.33 ^  2 aq) aas 
dlsaolrad la dry dlaathyl sulphosldo (20 ala) ■"»<««»• N2. Iha dlMyl 
solutloa abora aaa than tltratad lato tha raactloa yoasol, a 
yalloa colour aarfcad tho first aad polat, thoa all«btly laaa »h«" ooa 
aora aqulralaat aaa added to (aaarata a brl^t oraaqa coloured aolutloa 
(«'lO ala la total).
The lactol (116), (300 at) afaich had bean dlssolred la dlaetbyl 
aulphoxlde (10 ala) aad left ataadlat at roca teaperature for one hour 
aaa then added to the yllde aolutloa. Oh addition of tha lactol the 
colour lateaalty faded e little and tha rasultlnt solution eaa stirred 
for a further 2.3 hours.
Nater (30 ala) was added and tha solution acidified with MCI (2M), 
aore water (30 ala) was then added and tha rasultlat solution extracted 
with dlchloroaatbane (3x30 ala). The orgaalc extracts were dried 
(M(S0^) filtered and concentrated, residual dlaethylsulphoxlde «it
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teeored Iqr oll puap vaeuua. Iba zasldua «aa than bouad to alUca aad 
cbroaatograpliod ualag a eoluan of dlaoaslaoa (10x3.3 ca) aad alutlac with 
40Z Kt04e/39S haxaaa/O.SZ CHOOH at 33 ala aia~^.
rotale acid m a  raaovad froa tba eoablaad a d d  «oatalBlag fractlcaa 
by axaotroplag with toluaaa. If aay traca lapurltlaa raaalaad^tle (43Z 
Kt04e/33Z haxaaa/2Z C80QH) uaually uv activa, ttaay «axa raaovad by 
dlaaolvlac tha taaldua la lOZ potaaalua l^dxoxlda aolutloa (20 ala) aad 
aaahlag wltb atbar (30 ala). Iha aquaoua phaaa m a  tbaa acldlflad aad 
axtraetad vltb dlcblocoaatbaaa (3x10 ala). Iba orgaale axtxacta mxa 
tbaa drlad (MgSO^), flltarad aad coocaatratad to ylald tba daalxad 
bydeoxy a d d  (108) (600 a(, 70Z).
^  MMl (400 MU, CDCI3).
S3 .43 -3 .6  (2H, a, l iC -a i) ,3 .3 3 -3 .4 3  ( U ,  a , H -1 ),4 .4 3 -4 .33  (1.3H , a , 1 -3 , 
0 .3  H -2 ),4 .38  (0 .3« , a, 0 .3  H -2 , -  2 .44 , -  3 .66 , -
30.66 Ha),4 .03 -4 .13  (IH , a, H -3 , -  3 .66 , -  6 .1 , -
29.3 bx) .3.7-3.« (2«, a , M-6^,^^„j^),1.7-2.3 (9H, a ).
NMl (CWl^).
«178.3 (C-0), 131.3 (C-8 )*, 128.2 (C-9)*, 98.6 (C-1, 24.4 Ha),
87.7 (C-2, Jçj - 183.1 Hi), 73.3 (C-3), 66.7 (C-6 ), 63.9 (C-3, -
18.3 Hx), 43.9 (C-4), 33.2 (C-7) 26.3 (C-10), 22.8 (C-11), 24.3 (C-12). 
oiataccbaa^aabla.
U  (CbCl^) 3300-2600, 1710 ca~^.
MS, a/a fouad 274.
HSMS calc, for 274.1217 fouad 274.1228.
ZLC (43Z 8tQ4c/33Z baxaaa/2Z CHOOH) Rf - 0.24.
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Aotoly»!« oí 1.6-Anhydro-2-<too«y-2-fli>oto-4-d»o«y-4-(»-c«tboCT-<««'~**-2- 
Z-yl) a U .0 h»«opyr«no—  (108)^^
H m  hydrozy «cid (200 ■() « u  dlaaolTid la dry acatle aahydrld*
(S ala) undar altrogaa aad parchlorlc acld (10 |il) « u  addad. llia 
raaultlns aolutloa «aa atlrrad ac ro«a taaparatura aad aaeltotad bj tic 
(OZ athyl acatata 3SZ liaaana 2Z Foxale acld aad 75S athyl acatata/haxaaa 
«Ith traca of acld).
Altar four daya atlrrla« tic ataowad tba aajor product ta ba 3-acatyl 
coapouad (117) wltb auaaraiia alaor coapooaata.
l.d-Aabydro-2-dao«y-2-fluoro-3-0-acatyl-A-daory-4-(6-carba«y-ht^w^2-2-Tl)~
alio haiopyraDoaa (117)
Iba acld (IOS) (130 ag) aaa dlaaolvad la pyrldlaa (2 ala) uadar 
altrogaa. Acotlc aabydrlda (0.3 ala) aaa addod aad tba aolutloa atlrrad 
ovaralgbt.
Katar (2 ala) aaa addad aad tba alztura atlrrad for flaa alautaa.
It aaa tban aztractod alth dlcblorcaatbaaa (3x2 ala). laaldual aatar 
aad pyrldlaa aera raaorad froa tba orgaalc extracta by axaotroplag altb 
t 'luana. The raaalalag o U  aaa bouad to alllea aad cbrcaatographed. A 
eoluan (10x1 ca) aaa alutad wltb SOZ etbyl acatato/30X Im m —  «t A ala 
ala ^ to glwa tba aonoacatata (117) In a quantltatlva ylald.
^  NMK (90 Mlx. CDCl^).
<3.13-3.6 (3H, a, H-8, H-9, H-1), A.2-3.03 (3K, a, H-2, M-3, b-3), 3.83 
(2b, a, 1.6-2 .0 (9H, a). 2.13 (38, a, -CH3 ).
Acatolyala of 3-acatyl hydroxyacld (117)^^
Iba acatata (100 ag) aaa dlaaolTod In dry acotlc anbydrldo (3 ala) 
uadar altrogaa aad porcolorlc acld (10 ul) addad. The raaultlag 
aolutloa aaa atlrrad oraralgbt aad aooltorad by tic (73S btOAc/Hax * 
trace fomlc acld). Tbla aboaed a larga aaount ol unraactad atartlag 
aaterlal along wltb nuaeraua alaor coaponanta.
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1.6-Aahydro-2-<«caor~2-fluoro-3-0-«c«tyl-6-<l»o»y-4-( —  
c4urboGnHi«Ma-2-Zyl) «Ho h»«OMrrino«>
Iba hydrooqr acld (108) (80 ag) «m  dlasolvad In dty M t h u o l  {5 ala) 
uadar M2 aad paxchlorle acld (30 vi) aaa addad. Iba raaultlag 
aolutloa «aa atinad ovacnlght at coca ta^aratuca.
Iba aatbaaol «as raaoaad la yacuo tbaa satucatad sodlua blearbcaata 
aolutloa (1 al) aad «atar (2 ala) «ara addad. Iba aquaous pbaaa «as 
aztcactad «Itb dleblorcaatbaaa aad tba ocgaale fraetloos drtad by 
asaotroplc dlstlUatloa «Itb toluaaa.
Iba casldua aaa dlssolTad la dlcbloroMtbaaa (3 ala), pyrldlaa 
(1 al), aeatlc aaiqrdrlda (0.3 ala) «ara tbaa addad aad tba casultlag 
aolutloa stlxrad for tao bours. Hatar «as addad, tba phaaaa sapsratad 
aad tba aquaous pbssa aztcactad «itb aora dlrhlnroaathana. Iba coablasd 
ocgaaic aztracto «ara tbaa asaotropically «Hat-iiiad «itii toluaaa to 
raaova pyridlaa aad «atar. Flaallj tba raaldua «as bouad to sUlca for 
ebroaatograptay.
A coluaa (lOzl ca) «aa alutad «itb 23> atbylaeatata/bazaaa at 4 ala 
aia~^ aad gava tba acatylatad aatbyl aatar (118).
I ) Matbyl aatar.
^  NMl (90 MHs, CDCl^).
«3.33-3.63 (3H, a, H-1, H-8 , tt-9),4.0-4.8 (38, a, H-2, 8-3, 8-3),
3.73-4.0 (28, a, 8-6^^^^^ ^ ), 3.68 (38, a, -OMa), 1.6-2.6 (98, a).
I I ) Acatyl aatbyl atbar (118).
^  NML (90 MU, CWI 3).
63.3-3.7 (38, a, 8-9, 8-8, 8-1), 4.0-4.8 (38, a, 8-3, 8-3, 8-2), 3.73-4.0 
(28, a, 3.68 (38, a, -OCB^), 1.6-2.6 (W, a), 2.03 (38,
a, -CH3 ).
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Aftolyt» of 3->c«tyl »«thyl ««fr (LU)^^
Ib« Mthjrl Mt«r m a  dlaaolvad In dxy acatlc anliydrlda (3 ala) «indar 
nltcotaa, parchlorle aeld (2ü |il) «Ma addad and tba raaultlas aolutios 
atinad oyraiglit. Sodlia biearboaata aolutloa (1 ni) and aacar (2 ala) 
aara addad and tha solutloo atlrrad for 0.3 houra.
Xatractloa iflth dlcUotoaatnana and aaaotroplc raaoval of «atar and 
acatlc anhjrlda «itb toluana c a y  tha cruda oU. Tic aaalyala (43Z 
athyl acatata 2Z CHOOB, S3Z banana) abonad a platbora of coapounda.
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l,ft-««hydro-2-d«eaCT-2-fluoro-4-<U<«y-4-(6-cTbcaoHi«««n-2-Z-yl) «lio
25lM»oiiyr«noi«-Mcrol«ctOB« (119)
24a) PraBaratloa of 2-pytldyl chloro f o r t f  «olutloo
A 10-15Z ptoacana aolutloa la dlchloro aatiiaaa (5 ala, 5 aaola) «aa
dilatad alta toluaaa (5 ala) aad eoolad to 0 C uadar N^« A aolutloa 
of trlatliylaalaa (1.08 m o I 0.15 al) aad 2-pyrldlaa tUol (1.0 aaol, 
lio as) la aathylana clilorlda (5 ala) aaa addad dropwlaa ovar Uva 
alautaa. Iha raaultaat aolutloa aaa atlrtad íor 10 alautaa, tbaa aay 
aacaaa pdoasaaa aad aatliylaaa cdlorlda vara raaovad la vacuo. Haaaaa 
(10 ala) aaa addad aad tba praclpltatad trlathylaalaa hydxoclilorlda aaa 
raaovad by fUtratloa. Iba Uaak aaa rlaaad alth aa addltloaal voluaa 
of toluaaa (5 ala) aad baxaaa (10 ala) aad tiM aolutloa aaa fUtarad.
Tba ccablnad fUtrataa aara coaeaatratad la vacuo to ylald tba raasaat aa 
a colourlaaa oU. Iha raagaat aaa dlaaolvad la aatliyloaa chlorlda 
(5 ala) aad altbar uaad dlractly or atorad la a fraaaar protactad fraa 
aolatura (N2, parafUa aaal).
24b) Praparatloa of 2-pyrldlaatlilol aatar
tila bydrozy acld (1U8) (250 ag, 0.9 aaol) aaa dlaaolvad la
aatiqrlaaa chlorlda (5 ala) uadar altrogaa. Irlathylaalaa (ISO yl) aaa 
addad aad tha aolutloa eoolad to 0°C. Flnally, tba 2-pyrldyl ctaloro- 
foraata aolutloa (5 ala, 1 aaol) aaa aodod dropalaa aad tba raaultlas 
aolutloa atlrrad for 0.5 hra.
loa aolutloa aaa dllutad alth dlcbloroaatbana (25 ala) and aaahad 
wltb coid lOX NabCO^ (10 ala) coid SZ BCl (10 ala) aad flnally 
aaturatad MaCl aolutloa (10 ala). Altar drylag (HgbO^), tba raaldua 
aaa aaaotropad wltb toluaaa (3x10 ala) aad placad uadar raducad praaaura 
( 1 Mis) tor aavarai aoura prior to uaa.
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_2 3c) L>ctonl— tloo of thlo-grrldyl — fr*
Tb* thlo«pyrldxl Mtar m m  dlasolvid la fcaahly dlatUIad dxy zylaa* 
(40 ala) aad addad dropwiaa ovar aavaral boura (2-3) to rafluzlag fraahly 
dlatlUad dxy ajrlaaa (300 ala). Oaca ttaa addlcioa aaa eoaplata ttaa 
raaultlac yallov aolutloa aaa rafluaad ovaralght. It aaa tbaa eoolad, 
eoaeaatratad aad bouad to allica for cbroaatofrapby. Iba eoluaa 
(13x1.3 ca) aaa alutad wlth 30X atbylacatata/70Z baxaaa at 8-9 ala 
ala~^. Ibla aava tba aacrolactoaa (119) (70-80 ac,^30Z) aad —  
quaacltlaa (<>40 a«) of a coapoim d taatatlvalj ld«itlflad aa tba dlaaric 
apaclaa.
Kxparlaaaca cbaailat both rafluxiat tlaaa aad addlcioa raCaa bad 
Uttla aflact oa tbaaa ylalda.
^  » «  (400 MU. coa^).
<3.37 (Ib. d. b-1. 8.31-3.43 (2b. a. b-8. b-9).
5.07-5.18 (Ib. a. b-3. - 4.1. - 4.7. Jj , “ 27.0 bx).
4.51 OH. d. ^  - 5.3 ba). 4.43-4.60 (Ib. a. b-2. Jj 3 - 4.1.
•*1 .2 ■ Ji.r ■ 3-w (iH. í. -
7.7 Ha). 3.77-3.82 (Ib. a. b - 4 ^ .  Jj ^ ^  - 0.9. - 7.7
ba). 3.06-3.14 (Ib. a. b-7. ^ - 8.6. j - 10.8. - 14.2
bx). 2.8-2.9 (Ib. a. b-10'). 2.39-2.3 (2b. a. b-12.12*). 2.19 (Ib. bt. 
b-4). 1.93-2.06 (3b. a. b-7*. b-10’ b-11). 1.6-1.7 (Ib. a. b - H ’).
NIA (CDa3).
<171.54 (C-0). 129.7. 129.3 (C-8. C-9) . 99.1 (C-1. J^F “ “
(C-2. Jjj, • 189 ba). 77.8 (C-5). 67.4 (C-6). 66.2 (C-3. - 13.1).
39.8 (C-4). 32.3 (C-7). 26.6. 23.3. 20.9 (C-10. C-11. C-12).
U  (01013) 1713 ca~^.
HS a/a fouad 236.
bbbS Cale, lor C^jO^b^^' 236.1112. Fouad 236.1116.
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Mp U l "  Mib, 205-209°C.
XLC (43X KtQác/33S b«zaiM/2S CHOOH) Rf - 0.42, or (30Z St04c/30Z iMzaaa) 
Rf “ 0.33.
Maorie coapouad.
^  NMl (90 M U , C D U j) .
<3.2-3.63 (3.3M, a . H-9, H-«, 0.3 B-3, B-1), 3.0 (0.3H, a. 0.3 H-3), 
4.2-4.« (IH. a. H-2, , - 48 Hm ). 3.« (2H, a.
(9M, a ).
MS a/o fouad 312.
HRMS Cale, for C^^OgHj^F^ 312.2223. Pound 312.2243.
XLC (43Z StOAc/33S haxaao/2X CHOOH) Rf • 0.34.
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1.6-l>l-0-«c«tyl-2-d«ogr-2-fluoto-4-d«o«y-4-(6-c<rbo»y-h»«nr-2-Z-yl)-o «ad 
B- «Uo h«xopyr«no— -— crol«ctoo>t(123. 124)^^
H w  ■acrolaetOM (330 ag) «aa dlaaolvad la dry acaclc aaiqrdxlda 
(10 ala) untar a nltrogaa ataaaphara« To tbla 70Z parchlorie aeld 
(20 )il) addad aad cda aolutloa atlxxad for 2 iwura. Slaca ao 
raactloo had oecurrad (uaually ladlcatad by aubataatlal dark^ning of 
aolutloa aad coalltaad ^  tic, 30X StQ4c/Hax) a furtliar 30 ^  of acld 
aaa addad. Thla cauaad laaadlata darlnalag aad tlia raaultlag aolutloa 
waa atinad fot a furtliac 4-3 houra uatU tha caactloa «aa coaplota (tic).
3S Potaaalua blcaxbooato aolutloo (3 ala), «atar (3 ala) aad 
dlchloroaatbaaa (10 ala) «ara addad aad tha alztura atlrrad for 0.3 
boura. Iba ptaaaaa «ara aaparatad and tba aquaoua pbaaa aztractad «Itta 
dlcbloroaatbana (2x3 ala). Tba coablnad orgaalc extracta «ara tban 
coacaatratad aad aaaotropad wltb tolueno to raaova «atar and axcaaa 
acatlc aabjrdrlda. Tba raaldua «aa bouad to alUca aad 
cbroaatograpbad. Tha coluaa (13x1.3 ca) «aa alutad «Ith 30Z Bt04c/70S 
bexana at d-9 ala ala~^ to ylald tba dlacatata (300 ag, 43Z) aa a 4il 
■noaarlc alxtura «blcb «aa cryatalllaad bT trlturatloa «Itb atbaaol. 
ánoaarlc aaparatloa and purlflcatlon
Tba coluaa chroaatography abova cauaad a portlal aaparatloa of tba 
anoaarlc alxtura. Tha aory lata fractlona «ara pura la tha aora polar 
alaor a-ancaar, tbaoa «oro kapt oaparata and racryatalUaad freo 
atbaaol. Slallorly, racryatalUaatloo of a anal 1 oaapla freo tba bulk 
aatarlal «blcb «aa rlch In tha aajor laooar gava a pura aaapla of tba 
a-«noaar (123).
^  N m  (400 MU CDClj)
63.94 (IH, q, M-1, - 9, - 2 Ha), 3.43-3.31 (Ut, a, OfC),
3.24-3.4 (2H. a. H-3, CH-C), 4.4-4.36 (IH. a. H-2, 2 “ '*2 3 “
202
3. J 2, r  "  ♦•28-*-35 O H , a , H-*, -  12, -  1.5 
H « ),  4. 14- 4.2 (U 4, a , H-4 ' ,  -  12, -  4.5 H s), 3. 95- 4.03 
(IH , a, H -5) ,  1.55- 2.5 ( 9H, a ) ,  2.12 ( 3H, ■, -C H ^), 2.17 ( 3H, •,
NMl (CIKI3).
«173.3, 170.7, 169.2 (3aC-0), 133.4, 124.1 (C-6, C-9), 89.9 (C-1, J._ -c*
25.6 Hs), 86.6 (C-2, - 193.7 H»), 75.0 (C-5), 68.8 (C-3), 63.2
(C-6), 37.3 (C-4)*, 35.0 (C-7)*, 26.6 , 25.4 , 24.6 (C-10, C-11, C-U), 
20.9, 20.8 (2XCH3).
ILC (50Z Kt04e/50Z buuuw) 8f - 0.48 
a-aaoaar (124).
Si MMl (400 Mte, CDCI3 ).
«6.32 (IH, d, H-1, - 4 8s), 5.44-5.53 (18, a, CH-C), 5.23-5.34
(28, a, 8-3, CB-C), 4.64-4.78 (18, a , 8-2, ^ - 4, Jj 3 ’ Jj F
■ 43.5 8s), 4.25-4.33 (18, a, 8-6 , - 1.5, - 12 Bs),
4.16-4.22 (18, a, 8-6 *, - 4.5, - 12 8s), 4.08-4.14 (18,
a, 8-5), 1.6-2.5 (98, a ),  2.12 (38, s, -C83), 2.15 (38, s, -CH3).
8»  (00013).
«173.4, 170.7, 169.2 (3s0-0), 139.6, 123.9 (0-8, 0-9), 88.0 (0-1, J _  -cw
25.6 8s), 83.9 (0-2, - 195.9), 6 8.8 (0-5), 66.3 (0-3), 63.2 (0-6),
35.9 (0-4)*, 35.1 (0-7)*, 26.5, 25.4 , 24.8 (0-10, 0-U, 0-12), 20.9 , 20.7 
(2 x083). *Intsrchsntss his.
ILO (50Z 8t04c/50Z haxsiw) Rf - 0.46.
Mixtura
-1IR  ( 08U 3)  3010, 1740 
MS a/a found 298, a * - 60. 
Mp 111- 121® than 136- 142®0.
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2-<tooaor-2-fluoro-4-d<oaCT-4-(6-c«rbcanr-h«xM>-2-2-yl)- a B 
h«xopyr«iioM-3-0-— ctol«ctoa»t(126)
tbm diacatac* (123, 124) (300 ag) «aa dlaaolvad la aatliaaol (13 al) 
and aoUd potaaaiua blcarbooata (330 ag) «aa addad. Iba rasultlag 
auapanaloa «aa atinad at rooa taaparatura fot ona hour, tic (302 
Bt04c/30Z hazaaa) ahovlag a coac t a  taactloa. Iba laactloa alztura «aa 
bound oato tilica and cbcoaatogzapbad. Tba coluoa (13x1.3 ca) «aa 
alutad «Itb lOZ Ma0H/40Z Et0ác/30Z hazaaa at 8-9 ola ala~^ to ylald 
tba dlol (126) (180 ag, 73Z) oa a «bit« ccyatalllaa aatarlal.
^  MMl (90 MHz, CO3OO)
«3.1-3.3 (3H, a, H-1, H-8, H-9), 4.6-4.93 (1.3 H, a, H-3, 0.3 H-2), 6.0 
(0.3 H, a, 0.3 H-2), 3.3-3.9 (3H, a, H-3, H-6 ,6 '), 1.6-2.3 (»1, a).
MMl (CD3OD).
«173.3 (C-0), 126.3, 133.3 (C-8, C-9), 96.3 (C-1, - 26.9 Hz), 89.3
(C-2, - 139.2), 78.2 (C-3), 71.8 (C-3, - 17.1), 62.9 (C-6),
38.3 (C-6), 33.9 (C-7), 23.8 , 26.6 , 27.6, (C-10, C-11, C-U).
Furttaar coafltaatloa «aa obtolaad bjr ocatjrlatloa aad apoctroacoplc 
co^orlooa «Itb tba dlacat«t«g(123, 126).
Attaaptad ttaaaaatarlflcatloa ol aacrolactooa dloli(126) 
a) Hadar acldlc coadltloaa
Iba dlol (11 oga) «aa dlasolvad In oathanol (2 ola) uador 
altrogoa. Farchlorlc ocld (2 til) « u  addad and tba oolutlon atlrnd oad 
noaltorod by tic (70Z «ttayl acatata/23Z bazana/3Z aathoaol).
Savaral boura aboNod no chonga. Slallorly, addltloo of aoio ocld 
(30 Id) prolongad atlrrlng and rafluzlng of tba raactloa alztura — — r*
Bo changa.
Uaa of p-toluana oulptaonlc ocld uadar alallar raactloa coadltloaa 
alao cauaad no changa.
2M
b) ft ld T  b— le  COBdltlOQ»
Iba dlol ( U  mtn) and potaaalua Sutozlda (23 ag, 3 aq) aara 
dlaaolvad in dry nattaanol (2 ala). Iba raaultlag aolution «aa atlxrad 
ovaralgbt at rooa taaparatura lindar nltrogan. Moaltorlag by tic (70Z 
athyl acatata/23Z hazana/SZ aatbanol) alioaad no changa« ao tha aolucloa 
ana rafluzad for 3-4 houra.
Iba raactlon aiztura ana tnan coolad, acldlilad with 2N UCl 
aolution, than concantratad and asaotcopad wttta toluana. Iba raaldua 
«aa than acatylatad «Ith pyrldlna and aeatic anhydrlda. Subaaquant 
iaolatlon and tic analyala of tha acatataa abonad tha producta to ba a 
nlztura of tna acatylatad nacrolactona (123, 124) and a naw peoduet, 
••auaod to ba tha acatylatad trlhydrozy acld (109).
c) Aquaoua baalc hTdrolyala
Tha dlol (9 ng) and potaaalua hydrozlda (22 ag, 12 aq) nara 
dlaaolvad la aathanol (2 ala) and aatar (100 yl) ana addad.
Stlrrlng at rooa taaparatura for 3-4 houra cauaad no chango ao tha 
aolution naa rafluzad ovamlght. Tha aolution naa than «id,
2M hCl aolution, concantratad and aaaotropad vlth toluana.
Acotylatlon of tha raaldua and tic analyala of tha raaultlng 
acatataa Indlcatad tbat tha acatylatad trlhydrozy acld (109) had baan 
laolatad.
20S
2-DxMijr-2-fluoro-»-d«ogy-4-(B«thyl-6-c«rboanH >«M n-2-2-yl>-u m d 
h«»opyr«iwi»(l25)
Ih* dlol (90 ag) « M  dlcaolTMl la aacbaaol (10 ala) imd to «•»«<« 
■oUd potaaalua Iqrdroxlda (UO ag) aad «atar (0.3 al) «ara addad. Iba 
xasultlag aolutloa «aa rafluzad íot 3 houra, «•>»- coalad,
(2N, HCl) coacantratad aad aaaocropically drlad «Itb toluaaa.
Iba raaldua «aa tbaa caactad «Ith atharaal dlaaoaatbaaa^*
(3-4 ala). Kacaaa iMarnaathana «aa raaorad uadar a atraaa of altrogaa 
aad tha raaldua aztractad wlti> dlchloroaathaaa. Tba orgaale axtracta 
«ara bouad Co alllca aad chroaatograpliad. Tila c o l m  (13x1.3 ca) «aa 
alutad «Itli 48Z Bt(Uc/2X MaOU/302 haxaaa at 0-9 ala ala~^ aad ylaldad 
tha aathyl aatar (123) (42 mg, 412).
^  HWl (CIKlj).
*^*^~^‘* ■» “~8. U-9), 3.4-4.S (3H, a, H-2, H-3, H-3, H-6,6'),
3.6« (3H, a, -OCH3), 1.6-2.3 (9H, a).
TLC (502 htOác/302 haxaaa) of aaoaarlc alxtura Kf " 0.0-0.13, or (732 
St04c/202 haxaaa/32 MaOH) Rf > 0.31 aad 0.21.
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6-0-*lutyldl— thTl»llyl-2-d»o»r-2-fluoto-6-<Uop-4-(— tliTl-6-«‘^»-ho«y- 
lwMtt-2-Z-yl)-g «ad 6-allo h»»>p»r«i>o«w(129)^^
Th* trUqrdroxy Mthyl Mtar (125) (8S 0.27 aM) « u  dlMolvad la
dlchloroM thiiw (l.S ala) wlth a aaall quaatlty oí dlaattaylaaiaopyrldlaa 
(5 ag) uadar a altrogaa ataoapbara.
Coaeurxaatly, tartlaxy tautyldlaatüylaUyl cUorida (101 ag, 0.67 M )  
aad trlathylaalaa (112 ul> 1 .2 aq) vara dlaaolvad la dlehlotgaathaaa 
(1 al) uadar a oltrogaa ataoaphaxa aad atlrtad lor llftaaa alautaa. An 
allquot froa tba aalutloa of alljlatlag agaat, (450 Ul, 1 aq) aaa 
addad Co tha aubatrata aolutloa abova.
Illa raaultlag aolutloa aaa atlrrad oyamlght aad aorkad up daaplta 
taa raactloa balag Ineoaplata bp tic (50X KtOáo/SOX baxaaa). Iha 
aolutloa aaa aaataad altb «atar (1 al) tbta aaturatad oaannliia chlorlda 
aolutloa (1 al) aad drlad (HgSO^).
riaallp, tila raaldua «aa bouad to alUca aad chroaatographad. Iha 
coluaa (10x1 ca) «aa alutad «Itli 50S atlqrlacatata/50Z «t 4 ala
Bln~^ aad gava tba allpl attaar (127) (24 ag, 201) aa aa oU.
^  HMl (90 tSU, COCl^).
85.5-5.2 (a), 3.7-4.3 (a), 1.6-2.5 (a), 3.6b (3U, a, OCH^), 0.9 (9H, a, 
0(013)3), 0 .1 (6U, a. 2x01^).
TLC (50Z St04c/50Z baxaaa) ol aaoaarlc alxtura. Hí • 0.62 aad 0.53.
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1.3-Anhydro-6-0-*butyldl— thyl»llyl-2-<too»y-2-fluoro-4-^«o»T-4-(— thyl-»-
25c»rbo«y-li«a»tt-2-Z-yl)-cr-«llo h»x«pyr«BO—  (142)
Ü M  sUyl «tiiar (30 0.07 aH) « u  dUaolvad la dry
dlchloroatthaaa (1 al), uadar alcrogaa. Coocurraatly, 
dlathylaaodlcarboaylata (30 wl, 0.41 aaol) aad trlaatbyl piioapUta (30 
Hl. 0.31 aaol) w r a  dlasolvad la dry dlchlorn— thin» (1 al) uadar 
altrogaa aad atlxxad lor 10-13 alautaa. 4a allquot (300 wl) aaa tbaa 
addad to cha allyl athar aolucloa aboya at O^C, Cha xaaulclac aolutloa 
aaa thaa atlrtad at roca taapacatuca for focty alautaa. Tic (20Z 
£tQác/hazaaa) claarly ahoaad a aall aapacatad laaa polar aubataaea.
Iba aolutloa aaa coocaatratad and placad ooto a pra-pxaparod coluaa 
(1a thla Inataaca tba cruda raactloa alatura ana aot dry loadad).
Iha coluaa (10x1 ca) aaa alucad alth 20Z athyl 
acataCa/2Ztrlath]rlaaloa/78Z haiana at 4 ala ala~^ aad ylaldad tha 
oxataaa (142) (3.3 12Z).
^  NMl (360 Na, CDCl^).
63.3>3.34 (3H, a, H-1, H-6, H-9), 4.62-4.79 (IH, d, H-2, J, _ - 39.3*»»
Ha), 4.31-4.36 (IH, q, U-3, - 4.8, - U.3 Ha), 3.82-3.83
(IH, a, H-3), 3.76-3.80 (IH, a, H-6 , - 2.9, - U . l  Ha),
3.66 (3H, a, -OCH^), 3.61-3.63 (IH, a, H-6 ', - U . l  Ha),
2.2-2.4 (3H, a, H-4, H-7,7’), 2.3 (2H, t, H-U.U',
2.04-2.09 (2H, a, H-10,10' J10,11 7.4, - 7.3 Ha), 1.64-1.72
(2H, a, H-11,U', JjLo - 7.4, ^  - 7.4 Ha), 0.89 (9H, a,
0(013)3), 0.064-0.068 (6H, d, SI (013)3).
19,r NMl (COCI3).
(-201.73) to (-200.72) 8 llnaa, “ 59.3, - 13.5,
“»•
TLC (20Z Ht04c.80Z haxaaa) Hf • 0.33.
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